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The incidence of childhood lead poisoning in the United States has drastically decreased 
in severity and frequency since legislation banning the use of leaded paint and gasoline was 
introduced in the 1970s. From 1976 to 1991, the mean blood lead level (BLL) of the U.S. 
population dropped by 78%, from 12.8 µg/dL to 2.8 µg/dL (Pirkle et al., 1994). The immense 
success of systematic lead poisoning prevention strategies has replaced an acute, high BLL 
exposure paradigm with one of chronic, low-level exposure. This new pattern of lead exposure 
carries heavy implications, as researchers are increasingly correlating low-levels of lead with 
severe and lasting intellectual and behavioral outcomes (Bellinger et al., 1992; Lanphear et al., 
2000; Canfield et al., 2003).  
 
Recognizing the scientific consensus on the significant health implications of low-level 
exposures, the CDC Advisory Committee on Childhood Lead Poisoning Prevention recently 
proposed a change to the current 10 µg/dL BLL benchmark. The proposal sets the CDC 
benchmark as a fluid number reflective of the 97.5th percentile BLL of American children aged 
1-5 years (ACCLPP, 2012). Under the current BLL distribution, this would drop the benchmark 
to 5 µg/dL, a 50% reduction of the current value. This benchmark shift will drastically increase 
the number of children in the United States who are technically considered to have lead 
poisoning. As the scientific and political agencies concerning childhood lead poisoning are 
adjusting their outlook on the disease, public health agencies must focus their efforts on 
reformulating exposure prevention strategies for this new era in childhood lead poisoning. 
 
Of the many factors affecting lead poisoning risk, diet has received little historical 
attention. Yet, the interactions of lead with particular dietary components can heavily influence 
the metabolism and fate of lead within the human body (Mahaffey, 1995). Unlike many of the 
associated risk factors of lead exposure, our dietary choices are largely within our control, 
offering an important opportunity to minimize personal risk for lead poisoning. By mediating 
dietary behaviors to limit lead metabolism, a “lead-safe diet” offers an inexpensive and 
transferable tactic for modern lead poisoning prevention. 
 
This research formulates population-specific lead exposure prevention techniques 
focused on dietary education. Any lead poisoning prevention strategy, and particularly a strategy 
involving diet, should account for the distinct risk populations for lead exposure. In the United 
States, socio-economic status tends to dictate lead exposure and generally, people of minority 
race who live in rental urban housing are most at risk for lead poisoning (Lanphear et al., 2002; 
Jones et al., 2009; Filippelli and Laidlaw, 2010). Additionally, young children, particularly those 
under the age of two years, are most biologically sensitive to lead (Ziegler et al., 1978). 
 
This study uses Massachusetts (MA) as a case study to developing a model for diet-based 
lead poisoning prevention. Using U.S. Census measures and Massachusetts Department of Public 
Health statistics of lead exposure, this work characterizes the demographic risk patterns for lead 
poisoning in the state of Massachusetts for BLLs from 5 to 10 µg/dL. High poverty rates and 
black and Hispanic population proportions are positively associated with a higher incidence of 
BLLs from 5-10µg/dL in MA. Conversely, educational attainment, homeownership rates and 
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white population proportion are negatively associated with incidence of BLLs from 5-10µg/dL in 
MA. Socio-economic status is the overriding correlate to elevated BLLs in MA. 
 
Using a literature review, this study developed general lead-safe dietary guidelines.   
A lead-safe diet should include increased calcium, iron, zinc and Vitamin C consumption, while 
dietary fat and Vitamin D intake should be limited. Regular food consumption, both by eating 
regular meals and snacking throughout the day, should become a habit. However, a lead-safe diet 
is not the same for all populations; culture, food access, and finances strongly dictate personal 
dietary needs. By considering existing dietary patterns by age and race in the United States, this 
study develops lead-safe dietary recommendations specific to age and ethnic groups (see Table 
E1).  
 
Massachusetts was chosen as model location for an intervention scheme to communicate 
lead-safe dietary advice to target populations. Lead risk demographics and spatial analyses of 
community resources are used to develop localized and population-specific dietary interventions 
for three Massachusetts communities- Brockton, Gloucester and Springfield. Resource access, 
local conditions and population patterns account for key differences across the three 
communities, demonstrating that at-risk subpopulations mandate attention on a local scale. The 
lead-safe dietary intervention scheme developed by this study should serve as a model for 
advancing low-level lead poisoning prevention in individual community settings. 
 
Unlike many existing prevention tactics that promote generic dietary advice, the new 
low-level lead exposure paradigm requires a population-specific prevention approach. In order to 
effectively reach at-risk populations for lead exposure, lead-safe communications must be 
formulated on a local level. This work creates a localized and population-specific intervention 
model using only free and publicly accessible data. This novel approach allows local and 




Table E1: Recommended dietary interventions for preventing lead poisoning. Compiled recommendations to increase intake (), decrease 
intake (), or maintain current intake () of the key dietary components for lead metabolism. These are based on the USDA’s “What We Eat in 
America” survey for the typical U.S. diet by age and ethnicity and on dietary recommendations for a lead-safe diet, as outlined in Chapter 3. 
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Our food choices influence not only our overall health, they can also determine our 
susceptibility to environmental toxins such as lead. Certain dietary components can inhibit the 
metabolism of lead in the human body, limiting the toxicity of lead after an exposure event. Diet 
is a historically underutilized lead poisoning prevention tool that offers an important solution to a 
shifting lead exposure landscape.  
 According to the Centers for Disease Control, “[a]pproximately 250,000 U.S. children 
aged 1-5 years have blood lead levels greater than 10 micrograms of lead per deciliter of blood, 
the level at which CDC recommends public health actions be initiated” (CDC: Lead, 2012). 
Exposure to lead during childhood, especially in the first few years of life, can cause permanent 
intellectual and behavioral damage. Children in this critical developmental period have increased 
risk for lead exposure because of their tendency to explore their surroundings by putting things 
in their mouths. Therefore, lead poisoning prevention efforts focusing on primary exposure 
prevention are often targeted at children. 
Today, lead exposure is generally low-level and chronic, characterized by frequent 
contact with small doses of lead in the environment. This exposure paradigm, in contrast to 
historic exposures to much higher levels of lead, is changing the way we understand lead 
poisoning. Recently, there has been a shift in the scientific consensus on lead poisoning. We now 
know that very low-level lead exposures can cause the same or worse intellectual and behavioral 
damage than is imparted by higher exposure doses.  
 This study examines the role of diet as a prevention tool for the chronic, low-level 
exposure paradigm. Using existing literature on the metabolic interactions of lead with certain 
dietary components, this research synthesizes a “lead-safe diet.” Dietary lead prevention 
recommendations are compared with typical dietary patterns for major age and ethnic groups in 
the United States to assess existing compliance with a lead-safe diet.  
 To develop a model for communicating a lead-safe diet with at-risk populations, 
Massachusetts was chosen as a case study. The social and demographic determinants of lead 
exposure in Massachusetts were assessed using free and publicly accessible data from the U.S. 
Census and the Massachusetts Department of Public Health. Three communities, chosen for their 
predominant ethnic populations, were used in designing local and population-specific dietary 
interventions for lead poisoning prevention.  
 This study is meant to serve as a model for designing dietary lead poisoning prevention 
efforts in individual communities. By taking into account the social, demographic, and 
community population patterns of an at-risk community, a lead poisoning prevention effort will 
more effectively reach its target audience. The methods and tools used in developing the dietary 
interventions prescribed in this study are free, simple, and transferable. This work, then, should 
serve as a template for the development of localized dietary interventions for lead poisoning 
prevention in communities around the United States.  
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Chapter 1: Lead Sources and Toxicity 
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1.2.1.   Baseline 
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1.2.4.   Additional Sources 
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1.3.2.   Pathways 
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1.   Lead is a naturally occurring heavy metal that has no biological function in 
the human body. 
2.   The major sources of lead exposure are chipping lead paint and contaminated 
dust and soil.  
3.   Chronic, low-level lead exposure has replaced acute lead poisoning in the 
United States.  
5.   Childhood lead exposure causes lifelong intellectual and behavioral deficits. 
6.   A proposed shift in the CDC benchmark for lead poisoning from 10 µg/dL to 
5 µg/dL will increase the number of children in the United States who are 




1.1. The Importance of Studying Lead 
Lead poisoning is one of the most common and expensive childhood ailments in the 
United States  (Landrigan et al., 2002). Lead exposure can lead to irreparable cognitive and 
behavioral damage, acting a severe developmental hurdle for exposed children. As we make 
critical advances in understanding the mechanisms and sources of lead poisoning, there have 
been dramatic improvements in the state and extent of this problem among American children. 
While lead bans, phase-outs and remediation efforts have largely been effective, the lasting 
legacy of lead in our bodies and environment demonstrates the complexity of this problem. 
Decades of focused research have illuminated the intricacies of human-lead interactions. With 
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this strong knowledge base, we can better address the risk of lead poisoning for the human 
population.  
While impressive progress has been made towards decreasing the incidence of lead 
poisoning the United States, current regulations may be masking a greater public health problem. 
Currently, the federal blood lead action level is 10µg/dL; officially, anything below 10µg/dL is 
considered benign. However, current research emphasizes that the threshold of permanent 
damage from lead exposure may be lower than we currently recognize. Scientists in the field 
now advocate for a blood lead level (BLL) of 5µg/dL to replace the current 10µg/dL action level 
(Bellinger et al., 1991; Lanphear et al., 2000; Bernard et al., 2003; Canfield et al., 2003; Braun et 
al., 2006; Nigg et al., 2008). Interestingly, some scientists find that even minute levels of lead 
exposure can inflict permanent impacts on the body (Bellinger et al., 1992; Lanphear et al., 2005; 
Schnass et al., 2006; Roy et al., 2009).  
As of January 2012, the current CDC benchmark of 10 µg/dL has been challenged. The 
CDC’s Advisory committee on Childhood Lead Poisoning Prevention (ACCLPP) recommended 
that primary prevention of any lead exposure be the new focus of public health efforts targeting 
lead poising. As an ammendment to the current CDC benchmark of 10 µg/dL, the Committee  
recommends “that a reference value based on the 97.5th percentile of the NHANES-generated 
BLL distributino in children 1-5 yers old (currently 5 µg/dL) be used to identify children with 
elevated BLL” (ACCLPP, 2012). If passed, this recommendation could drastically expand the 
pool of children considered to have lead poisoning, exposing a hidden public health problem. In 
order to appreciate the implications of such a transition, understanding the underlying science is 
critical. By examining the sources, exposure pathways, toxicity mechanisms and health outcomes 
of lead exposure, we can gain a more complete portrait of lead’s interactions with the human 
body. With this foundation, the current social conditions perpetuating unequal lead exposure and 
outcomes will take on a greater significance.  
 
1.2. Sources of Lead 
1.2.1. Baseline 
Lead is a naturally occurring heavy metal. The earliest anthropogenic lead emissions date 
to about six millennia ago, with significant increases around one millennium ago due to the 
discovery of smelting and alloy techniques (Hong et al., 1994). Increased industrial use of lead 
resulted in large-scale lead mining, mobilizing geological stores. Analysis of Greenland ice cores 
from 3,000 to 500 years ago, roughly ranging from the Greek, Roman, and Renaissance periods, 
demonstrates atmospheric lead levels of ~2.0 pg/g. This is a nearly four-fold increase over 
natural atmospheric lead levels before anthropogenic mobilization of lead: ~0.6 pg/g measured 
from 7,760 years ago (Hong et al., 1994).  
Remains of Pre-Columbian Southwest American Indians have been studied to 
approximate lead body burdens in a pre-Industrial Revolution environment. The mean natural 
body burden of these specimens, as measured in tooth, femur and rib remains, was found to be 
40 µg per 70 kg, or about one thousandth of the mean body burden of American adults in 1991: 
40,000 µg per 70 kg (Patterson et al., 1991). Anthropogenic behavior has caused a 1,000%  
increase in the average human lead burden.  
That humans are capable of drastically affecting our surroundings, and indeed our own 
chemical compositions, has become a common theme of our recent existence. As perhaps one of 
the oldest examples of the unintended consequences of anthropogenic changes to the 
environment, the study of lead poisoning can serve as a model of historic pollution. A testimony 
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to the precautionary principle, the story of lead in our environment is typical of environmental 




Lead paint is a major source of lead exposure. Lead paint from the interior and exterior of 
homes is arguably the primary source of childhood lead exposure as it has a constant presence in 
the environments and activities of children living in lead paint contaminated homes. The use of 
lead paint on toys, furniture, windowsills and railings, major sources of lead exposure in the 
home environment environment. According to industry representatives, the addition of lead to 
paint intended for interior surfaces was discontinued after 1940 (Rabin, 1989). However, a 
survey of public housing for the U.S. Department of Housing and Urban Development found 
evidence of lead paint in interior surfaces of units built as late as 1972, proving a more extended 
period of lead paint application than official estimates (Rabin, 1989). In 1978, lead-based paint 
was federally banned for application to housing constructed or rehabilitated with federal 
assistance (CPSC, 1977). 
Lead paint tastes sweet to children, who have often been reported to spend hours peeling 
leaded paint chips from walls and windowsills and eating them like candy. The regular 
consumption of non-food items such as paint chips or soil is a condition referred to as pica and is 
commonly associated with lead toxicity from contaminated paint and soil. (Williams et al., 1952; 
Newfield, 1971; Berney, 1993, p.4; Silbergeld, 1997, p. 191; Warren, 2000; Kessel and 
O’Connor 2001). Children who live in run-down housing built before 1978 and children who 
live in historic housing that is under renovation are at high risk for acute lead toxicity from 
ingestion and inhalation of lead paint chips or airborne dust.  
 
1.2.3. Gasoline 
Tetraethyl lead was used as a gasoline additive beginning in the early 1920s. Recognizing 
the adverse health effects associated with widespread use of leaded gasoline, the EPA began a 
phase-out plan in 1973, and by 1975 cars were being fitted with emission control systems that 
required lead-free fuel (EPA, 1996). Leaded gasoline was officially banned in the U.S. on 
January 1, 1996 through a mandate of the Clean Air Act (EPA, 1995).  
Cars using leaded gasoline distributed lead as particulate airborne matter, which settles 
over soils near roadways. Lead, which is a conservative element, does not erode from soil and 
can still be traced in a predictable gradient away from roadways (Laidlaw et al., 2005). 
Additionally, lead which settles on pavement goes on to contaminate local water systems after 
being washed away during rain events (Filippelli and Laidlaw 2010). Because of lead’s 
conservative properties, much of the lead content in soils and wetland sediments can be 
attributed to the widespread use of leaded gasoline in the 20th century. 
 
1.2.4. Additional Sources 
While lead paint and gasoline represent the most common sources of lead in the 
environment, generally manifesting in dust and soil exposures, there are other important vectors 
of the heavy metal. Lead-soldered water pipes, which form the water distribution infrastructure 
of many old cities and towns, have been known to cause elevated lead levels in drinking water 
(Kessel and O’Connor, 2001). Lead-soldered cans, which were banned in the U.S. in 1995, 
presented a common source of food-borne exposure. Industrial air pollution, particularly near 
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smelters, waste incinerators, utility providers and lead-soldered battery manufacturers, creates an 
unavoidable source of exposure for populations near such industrial sites (NY Department of 
Health, 2010). 
Certain imported folk medicines, ayirvedic medications and traditional cosmetics, such as 
kohl and kajal, often contain large concentrations of leads. Many of these substances are banned 
from import into the U.S., but nonetheless can still be found in certain shops or may be imported 
personally by travelers. Some children’s jewelry and toys, especially imported products, have 
been found to contain lead in both materials and paints. Lead pottery glazes are also of concern; 
these are occasionally found on imported ceramics, china, leaded crystal or pewter. Additionally, 
certain imported foods, such as tamarind candies, have been found to contain lead. Hobbies that 
may involve lead smelting, pottery-making or other interactions also carry health risks (NY 




 Risk is related to both toxicity and exposure. While undboubtedly toxic, lead is only a 
hazard to those who are exposed to it. Even for an exposure event, some forms of lead are more 
harmful than others. The way in which lead interacts with the human body influences the degree 
of toxicity it exerts. The risk of lead poisoning, therefore, is a product of both the toxicity of the 
source and the mode of exposure.  
For instance, a person working as a lead smelter in a factory with poor ventilation would 
be at high risk for lead poisoning. In this case, vaporized lead from the smelting process would 
be concentrated in the worker’s immediate environment, facilitating inhalation, ingestion and 
topical exposure. All of these exposure pathways have been significantly associated with acute 
health outcomes. On the other hand, a scientist working in proximity to a lead-cased instrument 
with which she has little contact would not be at high risk for lead poisoning. Here, the lead is in 
a contained and stable form and is not readily bioaccessible to the scientist in her work, resulting 
in negligible health outcomes. In examining risk for lead exposure, therefore, both the toxicity of 
and exposure to any given source of lead should be acknowledged before determining risk of 
health outcomes.  
 
1.3.2. Pathways 
Ingestion is considered the primary source of lead exposure. Interaction with stomach 
acids transforms lead into a soluble product, especially for smaller lead particles such as airborn 
particulates (Healy et al., 1982). The major mechanisms of lead exposure in children are hand-to-
mouth and pica behaviors. Similarly, the vast majority of lead poisoning cases are attributed to 
ingestion of lead, largely in the form of lead paint chips or soil.   
Inhalation is perhaps the second most important source of exposure. Humans can more 
easily inhale small particles. As a conservative element, lead tends to bind to smaller soil 
particles, whose larger surface areas facilitate adsorption. Particles less than 10µm in size are 
considered to have the greatest potential for wind mobilization and inhalation. However, 
particles as large as 37µm, with lead concentrations of 16,000ppm, have been demonstrated to be 
bioaccessible (Schaider et al., 2007). In a pooled cohort study, house dust levels were 
significantly correlated with children’s blood lead levels (BLLs); floor dust loading was found to 
be the most significant predictor of a child’s BLL (Lanphear et al., 1998).  
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The dermal and ocular pathways of lead exposure are understudied and thus not well 
understood. There are documented historical cases of acute lead poisoning in adults from dermal 
exposure to lead in the workplace. However, there is no recent work observing the effects of 
low-level environmental exposure on dermal lead absorption. The use of high-lead eye cosmetics 
and traditional powders has been associated with lead poisoning events (Lin et al., 2010), though, 
similarly, the ocular pathway is has been largely neglected by studies of lead exposure pathways.  
 
1.3.3. Lead Stores 
 Human lead levels can be measured by testing blood, bone and tooth samples. Each of 
these samples has a different degree of clinical invasiveness and offers unique information about 
the timeframe of lead exposure. Blood lead is the most common measure of lead exposure. Lead 
in the blood represents recent lead exposure and, occasionally, remobilized lead from bone 
stores. Testing blood lead levels (BLLs) is the most accurate way measure actively harmful lead 
in the body.  
Lead in bone is a measure of historic lead exposure. As lead closely resembles calcium in 
the human body, lead tends to adsorb to bone in the place of calcium and is benign while it 
remains there. However, critical events including pregnancy, lactation and osteoporosis can 
trigger remobilization of this stored lead into the blood stream, allowing damage to the body. 
Teeth are a more controversial source of lead exposure information, but have been used in a few 
studies as a proxy for cumulative lead exposure in determining overall lead body burdens 
(Needleman et al.,1990; Patterson et al., 1991; Kim et al., 1995). 
 
1.3.4. Acute  
Acute lead toxicity occurs when a high dose of lead is ingested or inhaled over a short 
period of time. This causes a dramatic rise in BLL and results in serious health effects. The first 
signs of acute lead poisoning are drowsiness, irritability, constipation, stomach pain, vomiting, 
muscle weakness and deliriousness. Often wrist and ankle drop are the early manifestations of 
muscle paralysis, which marks a further progression of the toxicity. Brain encephalopathy can 
lead to coma and eventually, in severe cases, to death. Patients who survive acute lead poisoning 
are often left with permanent organ and brain damage (Williams et al., 1952; Adams and Victor, 
1993).  
Historically, acute lead toxicity occurred most frequently in industrial workers who 
interacted with large amounts of lead on a daily basis. In particular, lead smelting was one of the 
most fatal occupational tasks. Even in 1998, over 320,000 American workers were 
occupationally exposed to lead (Needleman, 2004). In the depression era, the burning of battery 
castings as a heat source for the desperately poor became a brief trend that resulted in a spike of 
acute poisonings (Williams et al. 1933; Dolcourt et al., 1981).  
While almost unheard of in the U.S. today, acute lead poisoning remains a large problem 
in many developing nations. Gold mining in Nigeria (Grossman, 2012) and informal battery 
recycling in China (LaFraniere, 2011) are two stories that recently gained attention in the popular 
press. These troubling examples of poverty-driven childhood lead poisoning deomstrate the need 
for stringent international protections against lead exposure for all children.   
 
1.3.5. Chronic 
Today in the United States, acute lead poisoning has become a rarity. The bans on leaded 
gasoline and paint have almost eliminated the introduction of novel lead to the environment. The 
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National Health and Nutrition Examination Survey (NHANES), which assesses the health and 
nutritional status of adults and children in the United States, demonstrated a 78% decline in 
BLLs in persons aged 1 to 74 years from 1976 to 1991 (Figure 1.1) (Pirkle et al. 1994).  
 
 
Figure 1.1: Geometric Mean Blood Lead Levels for Persons Aged 1 to 74 Years by 
Age: United States 1976 to 1980 (NHANES II) and 1988 to 1991 (NHANES III phase 
1). (Pirkle et al., 1994) 
 
The substantial decline in the U.S. population’s average BLL represents an important 
shift in the nature of lead exposure. History is riddled with cases of acute lead toxicity, from the 
lead-driven downfall of the ancient Romans (Gilfillan, 1965) to paint-eating African American 
children in America’s poorest communities (Newfield, 1971). However, the sweeping 
regulations and bans on lead in 20th century changed the way we interact with lead in our 
environment. As a result of these strict environmental regulations, chronic low-level exposure to 
lead is now typical for Americans. This shift is reflected in the steady decline of our national 
Lead Action Level over time (Figure 1.2).  
 
 
Figure 1.2: CDC Blood Lead Action Level Over Time, Including the ACCLPP’s 
Proposed Benchmark Reduction (5 µg/dL). 
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Chronic low-level lead exposure tends to sustain slightly elevated BLLs over time. Such 
low levels of lead in the body often do not result in clinical symptoms. However, we are rapidly 
learning that chronic low-level exposure to lead can result in lasting damage to cognitive and 
behavioral development (Bellinger et al., 1991; Rosen, 1994; Walkowiak et al., 1998; Lanphear 
et al., 2000;  Canfield et al., 2003; Lanphear et al., 2005; Braun et al., 2006; Schnass et al., 2006; 
Nigg et al., 2008; Wang et al., 2008; Bouchard et al., 2009).  In response to the growing 
scientific consensus that low-level lead exposure carries significant health risks, the Advisory 
Committee on Childhood Lead Poisoning Prevention (ACCLPP) of the CDC called for a 
reduction of the federal benchmark to 5µg/dL (ACCLPP, 2012). The ACCLPP recommendation 
is currently under consideration and, if passed, could drastically increase the number of children 
considered to have lead poisoning in the United States. 
 
1.4. Mechanisms of Toxicity 
Lead is a cognitive neurotoxin that closely resembles calcium in the human body. Once 
present in the bloodstream, lead is able to cross the blood-brain barrier. In a developing brain, 
lead inhibits the formation and growth of neurons and synaptic pathways, ultimately inhibiting 
normal brain growth and function. There are a number of proposed hypotheses explaining the 
exact mechanism of this interference. These range from inhibition of cell energetics, to 
interference with calcium function, to inhibition of heme synthesis at the amino acid level 
(Silbergeld, 1992). Interestingly, none of these functions are unique to the neurological system 
and therefore cannot accurately explain the neurotoxic specificity of lead exposure. More 
research is needed to clarify whether lead is a neurologically-specific toxin or a general toxin 
whose effects are seen most prominently in the ultra-sensitive nervous system (Silbergeld, 1992). 
Regardless of the exact mechanism, it is well understood that lead in the bloodstream of 
developing children can result in irreversible neurological damage that leads to 




Lead is able to cross the blood-brain barrier and interferes with regular brain 
development, limiting synaptic and neuronal development. This interference manifests in 
irreversible intellectual deficits. In a 2005 pooled analysis of seven cohort studies, including 4 
cohorts from the U.S., 1 cohort from Mexico, 1 cohort from Australia and 1 cohort from 
Yugoslavia, Lanphear et al. found a strong inverse relationship between BLL and IQ score. 
Additionally, the study found that intellectual deficits were significantly greater for children with 
a maximal BLL <7.5µg/dL compared with children with a maximal BLL >7.5µg/dL, suggesting 
that chronic, low-level lead exposure actually results in greater intellectual deficits. A 2003 study 
by Canfield et al. calculated an IQ decline of 7.4 points for an average lifetime BLL increase 
from 1 to 10µg/dL, similarly concluding that lower BLLs are associated with greater IQ deficits. 
IQ is measured most commonly using the Wechsler Intelligence Scale, which divides the 
IQ index into Verbal IQ and Performance IQ categories. Verbal IQ assesses verbal performance 
and working memory. Performance IQ tests perceptual organization and processing speed. In a 
study that compared IQ deficits by category, lead exposure was found to cause a steeper inverse 
gradient in Verbal IQ compared to Performance IQ (Baghurst et al., 1992). A study of lead-
exposed rats demonstrated that early childhood exposure to lead alters cell neurogenesis and 
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morphology in the hippocampus, providing a morphological basis for spatial learning deficits 
documented in lead-exposed animals (Verina et al., 2007). In a long term cohort study of 
children in Massachusetts, higher lead levels were significantly associated with lower vocabulary 
and grammatical-reasoning scores, poorer hand-eye coordination, longer reaction times and 
slower finger tapping (Needleman et al., 1990).  
Collectively, these studies demonstrate notable declines in intellectual performance as a 
result of lead exposure. Interestingly, lower levels of exposure result in more severe intellectual 
outcomes. As we move forward into the era of chronic low-level lead exposure, this 
characteristic may prove to be a larger problem than we may now recognize.  
 
1.5.2. Behavioral 
 Lead exposure has been associated with lasting behavioral outcomes. In a cohort study of 
Indian children, poor sociability and social anxiety were significantly correlated with elevated 
BLLs (Roy et al., 2009). Another cohort study of Yugoslavian children demonstrated that 
elevated BLLs were associated with small increases in anxiety, depression, sleep problems, 
aggression and destructive behavior (Factor-Litvak et al., 1999). Using a Pittsburgh, PA cohort 
of children, Needleman et al. (1990) demonstrated a correlation between elevated BLLs and 
violent behaviors (Needleman et al., 1996). Together, these studies demonstrate the debilitating 
and lasting affects lead can impose on behavioral development.  
 A number of studies have significantly correlated elevated BLLs with higher incidence of 
ADHD, ADD, hyperactivity and similar conditions (Braun et al., 2006; Nigg et al., 2008; Wang 
et al., 2008; Roy et al., 2009). Early childhood lead exposure is likely the largest impetus for the 
development of lead-sourced ADHD (Wang et al., 2008). Braun et al. (2006) concluded that, if 
causally linked, lead exposure could account for approximately 290,000 excess cases of ADHD 
in U.S. children. While ADHD has also been linked to genetic factors, this finding is significant 
in uncovering an important relationship between environmental exposures and lasting behavioral 
outcomes.  
 
1.5.3. Physical  
Lead exposure can hinder physical development. While cases of acute lead exposure 
often result in permanent organ and brain damage (Williams et al., 1952; Adams and Victor, 
1993), chronic exposure has more subtle manifestations. Chronic lead exposure over long 
periods of a person’s life has been correlated with increases in BMI, inflating obesity risk (Kim 
et al., 1995). Increases in blood pressure have also been associated with elevated BLLs (Factor-
Litvak et al., 1999).  
 
1.5.4. Epigenetic 
Epigenetics, or the capability of genes to be “switched” on or off, helps to explain the 
variation observed in many species. Epigenetics is the mechanism by which environmental 
exposures can be passed on to future generations. The transgenerational inheritance of an 
environmental exposure carries heavy implications. If our parents’, grandparents’ and even 
great-grandparents’ lifestyle choices and environmental exposures affected their genetic code, 
then we too can experience the consequences of those choices and exposures through genetic 
inheritance.   
Recent research suggests that epigenetics serves an important role in perpetuating the 
effects of lead poisoning (Wright and Baccarelli, 2007). Environmental metals like lead have 
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been demonstrated to influence DNA methylation, resulting in epigenetic alterations to 
development. DNA methylation is critical to neurological development, so the correlation 
between lead-induced disruptions carries important consequences that may explain the 




 Osteoporosis, or the loss of bone density over time, is a major event leading to lead 
remobilization from bone stores (Silbergeld et al., 1988). Osteoporosis occurs most commonly in 
women and is significantly driven by hormone activity. Interestingly, pregnancy and lactation 
also drive lead remobilization, as lead mimics calcium and calcium is in high demand for milk 
production (Ettinger et al., 2005).  
 While a person may experience asymptomatic chronic low-level lead exposure over 
many years, a relatively abrupt life event such as pregnancy or the development of osteoporosis 
can lead to acute lead poisoning. This phenomenon has been cited as a contributing driver to 
dementia (Needleman, 2004). The development of Parkinson’s Disease, a brain disorder, has also 
been correlated with elevated stores of bone lead (Weisskopf et al., 2010). So, while childhood 
lead exposure is generally considered to be the major critical period of lead exposure and 
toxicity, the legacy of lead in our bodies carries important health impacts.  
  
1.6. Implications 
For all intents and purposes, lead poisoning is irreversible (Tong et al., 1998). While 
extreme cases are often treated with chelation therapy, there is no conclusive evidence that this 
treatment has positive long-term effects (Rogan et al., 2001). With this understanding, the 
scientists now advocate for active exposure prevention rather than reactive treatments lead 
poisoning. However, it is widely recognized that poisoned children in higher socioeconomic 
situations experience more dramatic recovery than poorer children (Bouchard et al., 2009). This 
pattern indicates that there may be social, situational and even epigenetic factors that influence 
lead poisoning intensity and the potential for recovery.  
Current research emphasizes that the threshold of permanent damage from lead exposure 
may be lower than we currently recognize. The ACCLPP’s recommendation for a reduction of 
the federal benchmark for lead poisoning to 5µg/dL under the current NHANES BLL 
distribution for 1-5 year olds (ACCLPP, 2012) will expand the pool of children considered to 
have lead poisoning, potentially exposing an enormous public health problem. 
In the 1970s, 88% of U.S. children from ages 0-5 had blood lead levels about 10µg/dL, 
but by the 1990s that number was down to 2.2% (Filippelli and Laidlaw, 2010). While America’s 
average BLL has declined considerably since the 1970s, this improvement has not been equal for 
all populations. The social determinants of lead risk are discussed in Chapter 2. 
Our outdated federal lead poisoning benchmark of 10µg/dL has artificially inflated our 
estimation of success over childhood lead poisoning. As our understanding of lead increases, so 
must our political and health care systems adapt to the modern lead paradigm. We are quickly 
learning that what was once considered a success story is not so- we are on the cusp on an under-
recognized public health crisis. We have not yet moved past the lead era.  
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Chapter 2: Lead Risk Factors in the Human Population 
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Key Points 
1. Lead poisoning disproportionately affects low socio-economic status, minority 
and urban populations in the United States. 
2. Young children, particularly from gestation to age two, are exceptionally 
sensitive to neurologic damage from lead exposure. 
3. Risk factors for lead poisoning in the U.S. include minority race, living in 
rental housing, low educational attainment, urban residence, high-risk 
behaviors and poor nutritional status. 




2.1. Access to Lead is Unequal 
 Human activities have dispersed lead throughout the environment, dictating the unequal 
exposure patterns that characterize lead risk today. Certain populations, such as young children, 
are innately vulnerable to lead exposure because of unavoidable biological factors- their tactile 
exploration behaviors and accelerated metabolism facilitate hyper-accumulation of lead. 
However, most of the risk factors for lead poisoning have become issues of social class. 
Numerous cohort studies have analyzed populations for demographics correlated to elevated 
BLLs. We now know that, in the United States, factors including race, housing conditions, 
residence location, occupation, high-risk behaviors and nutritional status all influence risk for 
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lead exposure. Many, if not all, of these factors can be boiled down to the underlying issue of 
socio-economic disparities.  
 Access to lead is unequal, and largely this inequality stems from economic variation 
within our nation. While individual situations may defy these patterns, many of the social factors 
correlated to lead poisoning are confounded or caused by socio-economic status. While 
arguments can be made for specific conditions on these variables, it would be hard to refute that 
poorer housing conditions, unfavorable home locations, dangerous occupational tasks and 
nutritional deficiencies are all linked to poverty. This basic understanding of the social risk 
factors for lead poisoning should underlie all considerations of the condition and its implications.  
 
2.2. Age 
 The age at which a person encounters lead determines its physiological impacts. Young 
children who are still developing, particularly within the first two years of life, are at the highest 
risk for lifelong harms inflicted by lead exposure. Once the brain reaches the later stages of 
development in young adulthood, lead exposure appears to have fewer health impacts. However, 
for women of childbearing age, lead remains a health hazard, as it is able to cross the blood-
placenta barrier during pregnancy and then may be remobilized in the mother’s body during 
lactation. Additionally, in aging adults, latent lead stores in the body may be released during 
bone loss events, which may play a role in the development of dementia and other late-life 
memory loss. While childhood is often considered the critical period for lead exposure, any 
encounters with lead throughout a lifetime influence lead stores in the body which can lead to 
neurologic disorders in old age, among other health impacts.  
 
2.2.1. Childhood and the Two-Year Critical Period 
Children are significantly more susceptible to lead poisoning than adults, largely because 
of physiological factors. Children’s rapidly developing bodies metabolize inputs more efficiently 
than adults. Consequently, lead and other toxic substances that enter the body are handled just as 
efficiently as beneficial vitamins and nutrients, leading to more severe health outcomes. 
Additionally, children interact with their environments in a more tactile manner, often 
investigating with their hands and mouths. Hand-to-mouth contact is a primary mechanism of 
exploration for infants and toddlers in the teething stage, which increases risk of lead ingestion. 
Because of these characteristics, young children have an especially high risk of lead exposure.  
The age of two years parallels the critical period of brain development, creating a high-
risk period for lead exposure and deleterious health effects. Neurogenesis begins upon 
conception, and by the 18th week of gestation, a fetus has developed all the neurons it will use 
throughout its life (Siegler et al., 2006). This is the first significant neurodevelopmental process. 
After birth, the second critical period of brain development occurs until about age two, when 
neurons migrate during rapid brain development (Siegler et al., 2006). As infants begin to 
experience the novel environment outside their mother’s womb, their brains rapidly establish 
synaptic networks to process these experiences.  Mylenation, or the development of nerve axon 
coatings, occurs after birth and is attributed to the importance of brain development during this 
period (Adams and Victor 1985).  
The human brain is most plastic before the process of neural pruning occurs. It is at this 
point, around the age of two, that the brain has the most potential for growth and differentiation, 
based on individual experiences. The vast number of neurons developed in-utero allows limitless 
differentiation, the potential for which is lost after synaptic pruning occurs (Siegler et al., 2006). 
13 
Plasticity has conflicting implications: while a plastic brain is more resilient to minor damage, it 
is also more susceptible to permanent debilitation. Famously, Hubel et al. (1970) demonstrated 
the implications of neural plasticity in a study on kittens. The researchers demonstrated that 
patching one eye on a kitten during the critical growth period results in an underdeveloped ocular 
system for the patched eye, but the same patching experiment performed on an adult cat yields 
no differences between eyes.  
The end of the critical period marks a climax in neuron and synaptic density. Once this 
point has been reached, neural and synaptic pruning begins. Pruning is the process by which 
unused neurons and synapses are eliminated, leaving only actively used neurons in the brain 
(Figure 2.1). This process is highly efficient, rewarding only those neurons that are active while 
neglecting those which are unused. The end of this process leaves a child with the total number 
of neurons they will have throughout their adult lives, making this a critical period for lifetime 
brain potential.  
A lead-exposed child who has experienced diminished neuronal and synaptic 
development will end up with fewer functional neurons than a healthy child, because fewer of 
their neurons had been functional at the time of pruning. This creates unique developmental 
circumstances, which further exacerbate the neurodevelopment challenges posed by lead 
exposure.  
 
Figure 2.1: Neuron Density in the Motor Cortex Area of Brain in a Developing Child at 
Various Time Points. Peak density is visible at age 24 months with subsequent thinning 
indicating the results of synaptic pruning. (Adams & Victor, 1985, p.421) 
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2.2.2. Pregnancy 
For both the mother and child, pregnancy is a particularly sensitive period for lead 
exposure. During pregnancy, there is a large flux of calcium from the mother to the fetus as it 
develops, opening a window for lead stores in bone to become mobile as calcium is redistributed 
(Goyer, 1996; Sowers, 1996). Lead is able to cross the blood-placenta barrier and can affect the 
development of a child while in utero (Crocetti et al., 1990; Silbergeld, 1991). Maternal lead can 
come from her immediate environment or from skeletal stores from historic exposure.  
As pregnancy is a time of great calcium flux in the body, pregnant women experience 
calcium absorption, which can result in increased lead absorption if lead is in her environment 
(Goyer, 1996). There is a 32% to 65% increase in the contribution of lead from bone stores to 
blood lead during pregnancy, depending on the amount of calcium entering the mother’s body 
through her diet (Goyer, 1996).  
Prenatal lead exposure can have lasting impacts on a child’s intellectual, behavioral and 
physical development. In a study on 150 mother-infant pairs in Mexico City, Schnass et al. 
(2006) reported that elevated maternal lead levels, especially around week 28 of pregnancy, are 
strongly associated with intellectual deficits in the children. This study found no threshold of 
lead exposure to induce intellectual deficits (Schnass et al., 2006). In a separate study on another 
cohort of Mexico City women, Hu et al. (2006) found that first trimester maternal BLLs were 
most closely correlated with fetal lead exposure and were indicative of impaired 
neurodevelopment later in life.  
 
2.2.3. Lactation 
 During lactation, a mother’s dietary and endogenous calcium stores are utilized in the 
formulation of breast milk. As large amounts of calcium are required during this process, the 
mother’s body both increases calcium absorption and draws from calcium stores in the skeleton 
(Silbergeld, 1991). If the mother has a legacy of historic lead exposure in her bones, then this 
lead may become remobilized in breast milk and passed on to the child. The duration of 
breastfeeding plays a role in the quantity of calcium and lead which become available to the 
child (Sowers, 1996). 
 The relative contribution of dietary and skeletal calcium during lactation is not well 
understood. A study of 617 lactating women in Mexico City sought to determine whether dietary 
supplement of calcium would lower BLLs during lactation (Hernandez-Avilla et al., 2003). The 
study found that mothers who were compliant with the calcium supplement scheme and who had 
relatively high lead burdens experienced a mean overall reduction in blood lead of 1.16 µg/dL, 
suggesting that dietary supplementation of calcium during lactation may decrease lead 
remobilization from bone (Hernandez-Avila et al., 2003). A similar study of a Mexico City 
cohort of 367 lactating women found that calcium supplementation during lactation decreased 
lead levels in breast milk by 5-10%, suggesting that calcium supplementation may be a viable 
way to protect breastfeeding infants from lead exposure (Ettinger et al., 2005). 
  
2.2.4. Menopause 
 Women’s’ blood lead levels increase after menopause, signifying that bone turnover 
incited by changes in hormones causes a release of latent lead stores in the body (Silbergeld et 
al., 1988). Research comparing postmenopausal women who had children versus those who did 
not revealed that women without children experienced higher BLLs than mothers (Silbergeld, 
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1991). This suggests that pregnancy provides an outlet for stored lead stores in the body, 
reducing overall body burden in the mother (Silbergeld, 1991). 
 
2.2.5. Osteoporosis and Aging 
While the effects of lead on the neurodevelopment of young children have been widely 
studied, the impacts of the neurotoxin on adult brains are not well characterized. Recent research 
on the subject suggests that, as people age, lead may have an impact on declines in cognition and 
may play a role in the development of late-life cognitive disorders. 
 Low-level lead exposure over a lifetime, as measured by bone lead content, correlates 
with cognitive decline in older men (Weisskopf et al., 2004; Wright et al., 2003). Cognitive 
decline in old age is an indicator of developing dementia (Weisskopf et al., 2004). A cohort 
analysis on 991 adults aged 50 to 70 years found that higher bone lead, but not blood lead, was 
associated with poorer performance on tests of cognitive performance (Shih et al., 2006). In a 
similar study on 587 women, bone lead was also correlated with poorer cognitive performance 
(Weuve et al., 2008).  
Cumulative lead exposure, as measured by bone stores, has been liked to a higher risk for 
Parkinson’s disease. In 2006, Coon et al. found a strong association between higher lifetime lead 
exposures and risk for developing Parkinson’s disease. Similarly, Weisskopf et al. (2010) found 
that higher levels of tibia bone lead were associated with increasing risk of Parkinson’s disease.  
It has also been suggested that low-level lead exposure early in life may be an 
environmental factor in early-onset Alzheimer’s Disease (Prince, 1998), though few studies have 
tested this hypothesis. A study on monkeys exposed to lead as infants found evidence of 
epigenetic imprinting which promoted the expression of genes related to Alzheimer’s Disease, 
suggesting that early lead exposure may be an environmental trigger for the underlying genetics 
of the disease (Wu et al., 2008).  
 
2.3. Socio-Economic Status 
 In the United States, exposure to environmental toxicants like lead is an issue of poverty, 
as the social structure of our nation places the problem largely in the hands of the poor. In 
general, more expensive homes and neighborhoods are in cleaner areas where there is less 
pollution from industrial activity or major highways. People with smaller means are often forced 
to live in environmentally unfavorable areas, may not be able to afford home remediation and 
may not have access to health care. In the United States, lead poisoning has long been more 
prevalent in low socio-economic status (SES) populations (Silbergeld, 1997). 
 Socio-economic status in itself is a construct of our modern society: 
The concept of socioeconomic status is used to designate position in a hierarchical 
organization of society; outside the United States, the concept is called social class. 
Both are derived from the notion of a stratification of people from lower to higher in 
terms of access to power, prestige and property. These abstractions are generally 
operationalized by using measures of education, occupation, and income. (Hale, 
1992) 
While many variables, including education level, occupation, housing values and proximity to a 
point source of pollution, are independently correlated to lead poisoning by many cohort studies, 
it should be recognized that these variables often serve as a proxy for SES or are confounded by 
measures of poverty.  
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 The National Health and Nutrition Examination Survey (NHANES) is a nation-wide 
program in the United States dedicated to collecting long-term data on a large cohort that is 
representative of the U.S. population. Analysis of NHANES data from 1988 to 2004 correlated 
poverty with higher a higher risk of elevated BLLs (Brody et al. 1994; Bernard and McGeehin, 
2003; Jones et al., 2009).  
 A study seeking geographic patterns in elevated blood lead levels in 677,112 children 
under the age of two in New York state identified poverty as a very strong correlate to elevated 
BLLs, especially in upstate areas (Haley et al., 2004). In a survey of census data and cohort 
measurements from 28,932 children in Syracuse, New York, it was observed that mean BLLs 
increased as population density increased and as housing values decreased (Griffith et al., 2008). 
In Syracuse, higher lead levels were more concentrated in the older and lower income 
neighborhoods of the city, largely due to low housing quality and poor home maintenance 
(Griffith et al., 2008). These patterns are very similar across the United States, in both urban and 
rural areas.  
 
2.4. Race  
 Elevated lead exposure risk for particular racial and ethnic groups in the United States is 
a product of social inequities. While all human beings are equally susceptible to the harms of 
lead exposure, access to the toxin is often a product of racial inequity in the United States. 
Historically, race itself was seen as a strong indicator of lead risk and papers were published 
argued that racial predispositions dictated elevated risk (Chatterjee et al., 1972). Today, however, 
we recognize that the correlation of higher incidence of lead poisoning with certain races is 
entirely a product of social inequity.  
NHANES data from 1988-1994 indicated that 46.8% of black children, 27.9% of 
Mexican American children and 18.7% of white children had BLLs greater than or equal to 
5µg/dL, the recommended new federal benchmark (Bernard and McGeehin, 2003). Compared to 
white and Hispanic children, Black children were 3 times more likely to have BLLs from 5-
10µg/dL, 7 times more likely to have BLLs from 10-20µg/dL and 13.5 times more likely to have 
a BLL over 20µg/dL in 1994 (Bernard and McGeehin, 2003). From the 1999-2004 period, 
though there were major declines in BLLs across all groups, black children were more likely to 
have BLLs of 10µg/dL or greater than Mexican American and white children (Jones et al., 
2009).  
As every place has distinct racial and ethnic population distributions, demographic lead 
risk fluctuates by location. In a 1952 paper, Williams et al. reported that lead poisoning was 7.5 
times higher among blacks than in the white population in Baltimore, Maryland. A 2002 study of 
children in Rochester, New York found that, at 6 months of age, black children’s BLLs were 
26% higher than those of white children and by 2 years, the difference in BLLs had expanded to 
62.6% (Lanphear et al., 2002). On the other hand, in a former mining town in Ottowa County, 
Oklahoma, no significant differences were found in BLLs for Native American and white 
households (Malcoe et al., 2002). The range of reports on racial and ethnic risk for lead 







2.5. Housing Conditions  
 Lead-based paint was nationally banned in 1978 (CPSC, 1977), though there were phase-
outs prior to the official ban. Housing build before 1978 may contain lead paint. In New York 
state, age of housing was a strong predictor of elevated BLLs in children (Haley et al., 2004). A 
study conducted in South Carolina found that children living in homes built before 1950 were 
four times more likely to be lead poisoned than children living in homes built in the period from 
1950 to 1977 or in homes built after 1977 (Roberts et al., 2003). In a similar study conducted in 
Kentucky, 27% of 1,283 children living in homes built before 1950 had BLLs over 10 µg/dL 
(Reissman et al., 2001). NHANES data is consistent with the findings of these regional studies, 
indicating that older housing is significantly associated with elevated blood lead levels in 
children from 1991to 2004 across the U.S. (Pirkel et al., 1998; Jones et al., 2009) 
 Rental housing is often in poorer condition than owner-occupied housing (Lanphear et 
al., 2002). In general, rental clients are less empowered to manage safe housing conditions due to 
constricting housing contracts or financial limitations. As a result, rental properties tend to have 
poorer environmental conditions. Researchers point to improvements in housing quality and 
maintenance as an important avenue in minimizing lead exposure (Griffith et al., 1998).  
  
2.6. Residence Location  
2.6.1. Urban 
Children living Eastern and Midwest cities have lead poisoning rates of 15-20%, 
according to 2003 NHANES data (Filippelli and Laidlaw, 2010). In addition to higher rates of 
rental housing, the primary sources of urban lead exposure are chipping paint from older housing 
and lead in soil deposited from historic leaded gasoline and industrial pollution (Filippeli and 
Laidlaw, 2010), which manifest in household dust and soil (Charney et al., 1980). In cities, the 
legacy of leaded gasoline is particularly relevant, as background lead levels are significantly 
higher along urban roadways than in suburban areas (Filippeli and Laidlaw, 2010). Additionally, 
cities have a higher density of roadways in proximity to homes, with elevated rates of traffic. 
Figure 2.2 demonstrates the average lead density gradient associated with proximity to a 
roadway. 
 
Figure 2.2: Lead Concentration as a Function of Distance from a Roadway.  
Source: Filippelli et al., 2005 
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2.6.2. Rural 
 Environmental lead analyses indicate that soil, air and blood lead concentrations tend to 
be lowest in rural areas (Mielke and Reagan, 1998). Because of differences between urban and 
rural environments, risk for lead exposure tends to be lower in rural areas (Mielke et al., 1997). 
However, every location has unique environmental and historical conditions that dictate risk for 
lead exposure. Though lead poisoning has been stereotyped as an “urban” disease, it is also a 
problem in many rural areas.  
Lead paint in older homes is common in both urban and rural regions. Additionally, 
industrial and mining activities involving lead were often carried out in rural regions. 
Northeastern Oklahoma is a well-studied example of how industrial activity involving heavy 
metals can affect the health of rural populations (Malcoe et al., 2002). Contaminated soil, house 
dust and drinking water are prevalent in such areas. Lead levels in the home environment are 
strongly correlated with elevated BLLs in children in this former mining district (Lynch et al., 
2000; Malcoe et al., 2002). Living in a historic mining area strongly increases a person’s risk of 
having an elevated BLL (Hu et al., 2007). 
 
2.7. Occupation   
 Occupational lead exposure is often not considered in modern discussions of lead 
poisoning because it generally affects adult men and has largely been exported to developing 
nations. However, occupational lead exposure has resulted in many cases of acute lead toxicity 
and occasionally death, especially before the advent of modern occupational safety laws. 
Additionally, recent research has linked adult occupational lead exposure to late-life disorders 
such as Parkinson’s and Alzheimer’s diseases (Graves et al., 1991; Coon et al., 2006) 
Occupations involving lead smelting, mining, and chemical handling are often cited as high-risk 
jobs for lead exposure(Baker et al., 1979). In these occupations, workers were primarily exposed 
to lead through the air, where concentrations can exceeded those deemed safe by the 
Occupational Safety and Health Administration (Baker et al., 1979).  
 
2.8. Specific Behaviors 
 Particular behaviors or practices involving lead, from gardening to cosmetics use, can 
carry a high risk for lead exposure (Clark et al., 2008; Lin et al., 2010). While this list is not 
exhaustive, it presents specific behaviors that can increase risk of lead poisoning. It is important 
to recognize the underlying cultural and personal reasons for these behaviors when working to 
improve safety and promote primary prevention.  
 
2.8.1. Urban Gardening 
 A growing trend among sustainably minded city-dwellers, urban gardening has become 
increasingly popular in recent years. However, for many people, growing food on residential 
land in cities has long been practiced as a way to cut costs at the grocery store or cultivate 
produce that cannot be bought locally. Often, immigrant populations represent a large percentage 
of urban gardeners (Clark et al., 2008).  
 As urban areas tend to be highly contaminated with heavy metals such as lead (Filippelli 
and Laidlaw, 2010), gardening in urban soils is considered a high-risk behavior for lead 
exposure. Not only is the process of gardening in contaminated soil a hazard (Clark et al., 2008), 
the produce grown in a polluted yard can bioaccumulate lead (Finster et al., 2003). Thus, urban 
gardening carries danger of lead poisoning (Clark et al., 2008; Finster et al., 2003). 
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2.8.2. Cosmetics 
 Certain eye cosmetics worn by people of Middle Eastern, Asian and North African 
descent have been found to contain lead (Lin et al., 2010; Sprinkle, 1995; Ullah et al, 2010). 
Products like kohl and kajal, which darken the eyes of adult women and young infants, are worn 
for spiritual, beauty and traditional purposes. While products made with lead are banned from 
commercial import to the U.S., there have been cases of childhood lead poisoning traced back to 
these products (Lin et al., 2010). 
  
2.8.3. Other Behaviors and Exposures  
 Lead is disguised in many aspects of everyday life. Artificial turf, plastic jewelry and 
faux leather products have all been reported to contain lead (CDC, 2009; CEH, 2009; Cox, 
2009). Certain herbal remedies and folk medicines carry a risk of lead exposure (CDC, 2009), 
along with use of certain glazed ceramics, imported candies, blinds, ink, batteries and other 
household items (NY Dept. of Health, 2010). Home remediation, especially in older homes, has 
been linked with lead toxicity in both adults and children (Wolf, 1973).  
 
2.9. Nutritional Status 
 Nutritional status is often under-recognized as a factor influencing susceptibility to lead 
poisoning. The physiological state of the body plays a critical role in the toxicity of lead as it 
encounters metabolic systems. Chapter 3 details the primary dietary components that influence 
how the body interacts with lead. The focus of this study is on the role of diet on lead 
metabolism and fate in the body. Nutrition is an important and underutilized method of primary 
prevention for lead exposure.  
 
2.10. Environmental Justice Implications 
Many of the risk factors discussed in this chapter demonstrate the inequitable nature of 
lead poisoning. Not all people are afforded equal access to a safe environment and, consequently, 
the socio-economically disadvantaged tend to be at higher risk for environmental health 
problems like lead exposure (Kraft and Scheberle, 1995). 
This concept is addressed by the principle of environmental justice, which advocates for  
“the fair treatment and meaningful involvement of all people regardless of race, color, national 
origin, or income with respect to the development, implementation, and enforcement of 
environmental laws, regulations, and policies” (EPA, 2012).  
 Lead poisoning in the United States and around the world is often an issue of social and 
economic disadvantage. In part, to combat lead poisoning is to combat the inequities that 
perpetuate unequal environmental standards. The issue of lead poisoning must be understood as a 
portion of a larger epidemic of global inequity in access to health and safety. While we can work 
to better understand and address lead poisoning as an independent issue, the fight to provide 
equal access to health for all people should be the ultimate aspiration.  
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Chapter 3: The Influence of Diet on Lead Metabolism 
 
3.1. Assessing the Role of Diet in Lead Metabolism     
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3.2.2. Calcium and Lead Toxicity 
3.2.3. Interactions of Calcium and Phosphorus 
3.2.4. Lead and Bone Loss 
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1. The interactions of lead with particular dietary components can influence its 
toxicity. 
2. A lead-safe diet should include sufficient calcium, phosphorus, iron, zinc, and 
Vitamin C. 
3. A lead-safe diet should limit consumption of fat and Vitamin D. 
4. Meals should be eaten frequently to limit lead metabolism. 
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3.1. Assessing the Role of Diet in Lead Metabolism 
Of the risk factors for lead exposure discussed in Chapter 2, nutritional status has 
received the least attention. Yet, as dietary choices are perhaps the most regular and persistent 
input we have in our personal health, an examination of the role of diet in lead metabolism is 
important. Unlike many of the associated risks for lead exposure, our diets are, for the most part, 
within our control. This control offers an important opportunity for minimizing personal risk for 
lead poisoning.  
The body of work examining the nutritional interactions with lead has become outdated; 
much of the research cited in this chapter is from the 1970s and 1980s. This is significant, as 
modern technological advances may now permit closer study of the metabolic interactions of 
lead and dietary components. While the information provided in this chapter presents the most 
relevant science available today, there is a need for new and updated research on this topic.  
An individual’s dietary behaviors are influenced by a number of variables, including 
culture, income level, genetics, lifestyle and personal beliefs. Often, dietary recommendations 
are generic or presented in technical language. This format is insufficient for addressing the role 
of diet in lead exposure. There is a need for more accessible and targeted advice for diet 
management to help decrease lead risk. By creating culturally appropriate dietary 
recommendations relevant to a specific at-risk populations, this study augments primary 
prevention efforts for lead poisoning.  
Examining the interactions of lead with specific dietary components allows a more 
complete understanding of how lead is metabolized. This chapter explores the primary dietary 
components that affect how the body handles lead. From this analysis, a list of recommendations 
for a “lead-safe” diet is developed. The compiled dietary recommendations will be used to assess 
the typical diets of people in the U.S. to formulate recommendations for lead-safe dietary 
practices in Chapter 4.  
 
3.2. Calcium 
3.2.1.  Interactions of Calcium and Lead 
 In the majority of lead exposure cases, the body processes lead in the gastric system. 
Intestinal absorptive cells transport most of the body’s lead and all of the body’s calcium from 
the intestinal tract to other parts of the body (Fullmer, 1992). Dietary calcium deficiency has 
been associated with increases in lead body burden and susceptibility to lead toxicity during lead 
ingestion (Fullmer, 1992).  
In the body, inorganic lead takes the form of Pb2+ ions, which closely resemble Ca2+ ions 
when interacting with biological systems (Simons, 1986). Ca2+ channels, which facilitate 
diffusion of Ca2+ into cells, are highly permeable to Pb2+ (Kerper and Hinkle, 1997). Though 
these Ca2+ channels regulate their opening in order to balance Ca2+ concentrations across the cell 
membrane, this control mechanism does not function for Pb2+, allowing lead to enter the cell 
indefinitely (Simons, 1986).  
Ca2+ acts as a signaling molecule and is associated with specific receptors and binding 
sites throughout the body. Pb2+ can bind to Ca2+-specific sites, and in many cases is preferentially 
bound to the receptors, replacing Ca2+. This tendency allows Pb2+ to substitute for Ca2+ in 
mitochondrial uptake, Ca2+-dependant potassium permeability in human red blood cells, and 
Ca2+ signal receptor sites (Simons, 1986; Fullmer, 1992).  
Intestinal lead absorption decreases as lead intake increases, suggesting that there may be 
a threshold capacity for lead in the body (Fullmer, 1992). The Vitamin D endocrine system has 
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been linked to the enhancement of intestinal lead absorption and body retention. When lead 
reaches a threshold level, the Vitamin D endocrine system is inhibited, resulting in diminished 
Ca2+ and Pb2+ absorption (Fullmer, 1992).  
 
3.2.2. Calcium and Lead Toxicity 
Eating a persistently low-calcium diet in the presence of continued lead exposure may 
increase lead levels in the body (Mahaffey, 1981). In a rat study, increases in dietary calcium and 
phosphorus in conjunction with a lead-fortified diet were shown to decrease lead absorption in 
the kidneys and liver by 40% (Barltrop and Khoo, 1976). In a lead balance study using human 
infants, an inverse correlation was observed between calcium intake and lead absorption and 
retention (Ziegler et al., 1978). Amongst lactating women with relatively high blood lead levels, 
calcium supplementation has been shown to modestly reduce blood lead levels (Hernandez-Avila 
et al., 2003; Ettinger et al., 2005). Thus, eating sufficient calcium may prevent lead deposition. 
 
3.2.3. Interaction of Calcium and Phosphorus 
 Many studies indicate that calcium and phosphorus interactions are important in the 
handling of lead. Diets deficient in both calcium and phosphorus result in increased tissue lead 
retention (Shields, 1941; Barltrop and Khoo, 1975). Blake and Mann (1973) investigated the 
effects of calcium and phosphorus supplementation on human subjects, finding that calcium and 
phosphorus independently reduced the gastrointestinal absorption of lead (though calcium to a 
greater extent than phosphorus). However, the combined effect of simultaneous calcium and 
phosphorus supplementation resulted in a more than additive decrease in lead absorption (Blake 
and Mann, 1973). In 1941, Shields reported that “adequate” (RDA) calcium and phosphorus 
intake was sufficient to protect against low-level dietary lead deposition. In a study on rats, 
Quarterman et al. (1978) found that the uptake of dietary lead was reduced by half when either or 
both calcium and phosphorus intake were doubled. While the findings on calcium and 
phosphorus supplementation are not completely consistent, it is safe to conclude that adequate 
calcium and phosphorus intake could have singular or additive benefits in reducing lead levels.  
 
3.2.4. Lead and Bone Loss 
Low calcium diets result in lead deposition in both tissues and bone for a range of lead 
exposures (Mahaffey, 1990). It follows, then, that lead deposited in bone is remobilized during 
bone-loss periods such as lactation and aging. However, this conclusion is controversial. A study 
by Osterloh and Kelly (1999) found no net bone loss during lactation, but rather a decrease in 
deposition, which accounted for bone loss over the period of lactation. In this scenario, there was 
no noticeable increase in blood lead levels contributed by lactational bone density loss (Osterloh 
and Kelly, 1999). Further, Kalkwarf et al. (1999) reported that calcium supplementation has been 
demonstrated to have no effect on minimizing bone turnover during lactation. 
Yet, there have been cases supporting the connection between bone loss and lead 
remobilization. In 1999, Silbergeld reported cases of lactating women experiencing increased 
BLLs over the course of their pregnancies without changes in environmental lead exposures 
(Silbergeld, 1991). The key difference may be variation in rates of bone turnover along with the 
quantity of lead stored in bone, which vary from woman to woman.  
In response to the complex interactions between lead and calcium in the body, Fullmer 
(1992) concludes:  
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Since it is difficult to maintain a normal skeleton in the face of diminished 
intestinal Ca absorptive capacity, particularly in children, Pb poisoning may be 
due not only to the direct effects of Pb but also to the indirect effects that result 
from a disturbance of Ca metabolism. Given the ubiquitous and persistent 
presence of Pb in the environment, an adequate intake of Ca may therefore be 
among the best means available to limit the effects of childhood Pb intoxication. 
 
Though the interactions of lead and calcium in the body continue to puzzle researchers, 
there is sufficient evidence that a diet sufficient in calcium and phosphorus may mediate the 
effects of lead exposure (Blake and Mann, 1973; Ziegler et al., 1978; Mahaffey, 1990; Mahaffey, 
1991; Fullmer, 1992).  
 
3.2.5. Calcium Requirements 
 The recommended daily allowance (RDA), or the average daily level of intake sufficient 
to meet the nutrient requirements of ~98% of healthy individuals (ODS, 2011), for calcium has a 
scientifically and politically controversial history. Individual nations set their own RDA, and the 
United States has consistently maintained a higher RDA than most of its peer nations (Nordin, 
2000). RDAs vary by age, sex and dietary composition. Current RDAs for calcium are displayed 
in Table 3.1. 
 
Table 3.1: Recommended Daily Allowances for Calcium. 
Age Male Female Pregnant or Lactating 
0-6 months* 200 mg 200 mg  
7-12 months* 260 mg 260 mg  
1-3 years 700 mg 700 mg  
4-8 years 1000 mg 1000 mg  
9-13 years 1300 mg 1300 mg  
14-18 years 1300 mg 1300 mg 1300 mg 
19-50 years 1000 mg 1000 mg 1000 mg 
51-70 years 1000 mg 1200 mg  
71+ years 1200 mg 1200 mg  
*Adequate Intake (Insufficient evidence for an RDA; level of assumed nutritional adequacy) 
Source: NIH Office of Dietary Supplements, Calcium, 2011. 
 
Individual calcium requirements are dependent on protein and sodium intake. Studies 
comparing rates of osteoporosis and bone fracture in developed and developing nations indicate 
an unexpected trend: developed countries like the United States have higher rates of osteoporosis 
than less developed nations. Animal protein intake increases urinary calcium excretion and 
dietary sodium competes with calcium for renal resorption. Therefore, the more protein and 
sodium a person consumes, the more calcium that person requires. Because of this, dietary 
calcium requirements cannot be universally established, but rather require consideration of an 
individual’s complete dietary profile (Nordin, 2000). 
 Peak skeletal growth occurs during adolescence. This critical period calcium accretion 
occurs in males from ages 12-16 and in females from ages 10-15 (Bailey et al., 2000). During 
these critical phases of bone-calcium accumulation, it is crucial that children consume adequate 
calcium, a requirement that is commonly unmet (Abrams and Stuff, 1994). In a study of 
adolescent females, it was observed that inadequate calcium intake resulted in a reduced peak 
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bone mass (Matkovic et al., 1990). Of the same cohort, girls with a calcium-supplemented diet 
(1,640 mg/day) had a more pronounced increase in bone mass over time when compared with an 
unsupplemented group (750 mg/day) (Matkovic et al., 1990).  
Metabolically, calcium is highly regulated and does not fluctuate according to dietary 
intake. Bone serves as a reservoir of calcium that is used to maintain internal calcium balance, 
existing in constant flux according to resorption and deposition of calcium. The degree of this 
bone calcium flux changes according to age and lifestyle patterns. (ODS, 2011) 
 With age, calcium loss begins to surpass calcium deposition in bone, leading to 
osteoporosis. Osteoporosis is the thinning of bone tissue and the loss of bone density over time 
(A.D.A.M. “Osteoporosis,” 2010).  
Lactating women may experience a net loss of calcium as it is mobilized to supply breast 
milk. During lactation, serum calcium is utilized in the formation of breast milk, demanding 
approximately 168 mg of calcium per day at 3 months after birth and then about 280 mg of 
calcium per day at 6 months after birth (Sowers, 1996). Bone loss associated with lactation is 
thought to occur more commonly when breastfeeding is performed for extended periods and for 
women who breastfeed multiple children (Sowers, 1996). In her review article on the subject, 
Sowers (1996) cites many studies that indicate bone lost during lactation is recovered over time.  
 
3.2.6. Dietary Calcium Sources and Supplementation 
 Most calcium is sourced through the diet. Low fat diary products, enriched cereals and 
dark leafy greens are commonly touted as excellent sources of calcium (USDA, Release 24). A 
list of the calcium content per serving of common foods can be found in Appendix A. Receiving 
adequate calcium intake during childhood can establish stronger bones with higher mineral 
density relative to those of children receiving lower levels of calcium (Johnston et al., 1992).   
 Calcium supplementation is a common way to achieve recommended daily calcium 
intake. Though, ingesting excess calcium has been disouraged by Markowitz et al. (2004), who  
concluded that calcium supplementation should not be prescribed for mild to moderately lead 
poisoned children whose diets are sufficient in calcium. Calcium, in the forms of calcium 
carbonate and calcium citrate, is normally included in multivitamins for both adults and children. 
Multivitamin calcium content is relatively small, about 100-200mg, while calcium supplements 
generally come in 500-600mg pills. Typically, smaller amounts of calcium are absorbed more 
efficiently than larger doses. (Harvard Health Letter, 2003).  
 
3.3. Iron 
3.3.1. Interactions of Iron and Lead 
Both lead and iron are transported into intestinal cells through the Divalent Metal 
Transporter 1 (DMT1), which is found most densely in the small intestine (Kwong et al., 2004).  
The interactions of iron and lead in DMT1 explain the correlation of iron deficiency and 
increased lead absorption; DMT1 has a higher affinity for iron than lead, so sufficient iron 
ingestion may out-compete lead for intestinal absorption (Kwong et al., 2004). It is possible, 
then, that during periods of iron deficiency, DMT1 increases lead absorption (Kwong et al., 
2004).   
Cases of iron deficiency anemia have been shown to be more severe in the presence of 
lead than in cases of pure iron deficiency. Iron deficiency and lead poisoning are known to 
inhibit heme synthesis because ferrochelatase, the enzyme which catalyzes the final step in heme 
synthesis, is sensitive to low iron levels in the presence of lead. Lead interferes with iron 
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transport in the mitochondria, interfering with its fixation to ferrochelatase. Therefore, high lead 
and low iron synergistically inhibit heme synthesis. The addition of heme to mylenated neurons 
is known to prevent the demylenating effects of lead. So, when heme synthesis is interfered with, 
the effects of lead on neuronal health are exacerbated. (Kwong et al., 2004) 
 
3.3.2. Iron Deficiency  
Iron deficiency affects more people than any other health condition; over 30% of the 
world population is anemic, most frequently in resource-poor regions (WHO, 2011). In the 
United States, anemia is the most common nutritional deficiency (CDC, 2011). Iron deficiency 
can delay motor and mental development in infants, affect memory and mental function in teens, 
increase risk of preterm birth during pregnancy, and cause chronic fatigue in adults (CDC, 2011).  
 Iron deficiency is a product of an individual’s particular unmet needs. A person may have 
increased iron needs during periods of rapid growth such as infancy and young childhood, during 
pregnancy and during periods of regular blood loss (menstruation, frequent blood donation or for 
certain gastrointestinal conditions).  
In certain circumstances, an individual may have decreased iron intake or absorption. 
Iron from meat products is absorbed more efficiently than iron from plant products. Iron from 
plant sources is absorbed more efficiently when eaten with meat products or Vitamin C. Because 
of these factors, vegetarians are often iron deficient, though this can be mediated by careful meal 
planning. Additionally, taking antacids before iron ingestion can decrease iron absorption. 
Therefore, infants, adolescent girls, women of childbearing age and vegetarians are at highest 
risk of anemia (CDC, 2011).  
 
3.3.3. Iron and Lead Toxicity  
Iron deficiency and lead exposure are common for the same populations of children and 
are often determined through analysis of biological markers related to heme synthesis (Mahaffey, 
1990). Studies on the interactions between lead and iron generally determine a correlation 
between iron deficiency and increased lead absorption, and it has been observed that iron 
deficiency can increase lead absorption. 
 Research on rodents suggests that low iron levels are correlated with increased lead 
retention. In a study on mice, iron deficient subjects retained ingested lead at significantly higher 
rates compared to iron replete subjects (Hamilton, 1978). Flanagan et al. (1980) similarly found 
that mice with iron deficiency had increased absorption of ingested lead. In a study on rats, Six 
and Goyer (1972) found that iron deficiency increased lead retention in the liver, kidney and 
bone while also increasing urinary excretion of lead.  
Human studies comparing the relationships between iron status and lead levels report 
both significant correlations and non-significant correlations. Notably, studies with larger sample 
sizes all report significant positive correlations between low iron and high lead levels (Kwong et 
al., 2004). In a longitudinal analysis of 1,275 children between ages 2-3 years, Wright et al. 
(2003) found that iron deficiency was associated with successive lead poisoning. Children with 
iron deficiency displayed a significant increase in BLL at subsequent clinical examinations 
(Wright et al., 2003). Bradman et al. (2001) found that iron deficiency was associated with 
increased BLLs in children across a range of contaminated environments, but to a greater degree 
in highly contaminated environments. In a study on 85 human subjects, Flanagan et al. (1982) 
found no correlation between iron levels and lead absorption, noting that only the administered 
dose of lead correlated with absorption. As recent research with large sample sizes are consistent 
            
26 
with the conclusion that adequate iron stores mediate low BLLs, it is appropriate to recommend 
adequate iron intake.  
Elevated BLLs have also been shown to influence iron deficiency. Clinically, 
“asymptomatic” lead poisoning is occasionally discovered when iron treatments do not decrease 
anemia symptoms until the child is treated for lead (Mahaffey, 1974). Schwartz et al. (1990) 
statistically evaluated the relationship between blood lead and hemocrit levels, finding that 
increased blood lead levels are linked to decreased hemocrit values in young children. This study 
indicates that lead exposure may actually promote to iron deficiency, possibly due to interactions 
with heme synthesis in red blood cells (Schwartz et al., 1990).  
 
3.3.4. Dietary Iron Sources and Recommendations 
 Most iron is sourced through the diet. Fortified cereals, organ meats, beans, legumes, 
meat, tomatoes and spinach are all good sources of iron (CDC, 2011). A list of the iron content 
per serving of common foods can be found in Appendix B. Recommended daily allowances for 
iron are detailed in Table 3.2.  
 
        Table 3.2: Recommended Daily Allowances for Iron 
Age Male Female Pregnant Lactating 
0-6 months* 0.27 mg 0.27 mg   
7-12 months 11 mg 11 mg   
1-3 years 7 mg 7 mg   
4-8 years 10 mg 10 mg   
9-13 years 8 mg 8 mg   
14-18 years 11 mg 15 mg 27 mg 10 mg 
19-50 years 8 mg 18 mg 27 mg 9 mg 
51 years and over 8 mg 8 mg   
*Adequate Intake (Insufficient evidence for an RDA; level of assumed nutritional adequacy) 
  Source: NIH Office of Dietary Supplements, Iron, 2007. 
  
Iron deficiency anemia in children is known to cause intellectual deficits, including 
decreased attention span, reduced alertness and learning difficulties (A.D.A.M. “Iron Deficiency 
Anemia-Children,” 2010, Lozloff, 1989). These symptoms are comparable to those seen in cases 
of childhood lead poisoning. Iron supplementation has been shown to reverse the cognitive 
deficits associated with iron deficiency anemia in children (Wasserman et al., 2004). Thus, iron 
supplementation is an effective tool in mediating intellectual deficits in children with concurrent 
iron deficiency and elevated BLLs.   
As iron deficiency has been demonstrated to increase subsequent risk of elevated BLLs 
(Wright et al., 2003), primary iron supplementation may be a method of primary lead poisoning 
prevention. Kwong et al. (2004) explain: “[P]roviding iron supplementation to limit lead 
poisoning is a potential strategy, especially in areas where complete lead abatement is not 
economically feasible.” Iron supplementation, then, is an important tool to prevent lead 
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3.4. Dietary Fat 
3.4.1. Interactions of Dietary Fat and Lead 
 The interactions of dietary fat and lead are not well understood. It is hypothesized that, as 
fat digestion stimulates the production of bile and bile salts, increased fat consumption will lead 
to an increase in lead absorption (Bell and Spickett, 1983). Higher fat intake may slow digestion, 
leading to a longer period for lead to interact with the gastric system (Bell and Spickett, 1983).   
 
3.4.2. Dietary Fat and Lead Toxicity 
 Study of the role of dietary fat in lead toxicity is very limited and has generally not been 
assessed in human subjects (Mahaffey, 1995). Rodent studies indicate, however, that higher 
levels of dietary fat are associated with increased lead absorption. In a study on rats fed a 
constant low-lead diet, Bell and Spicket (1983) observed that increasing fat content as a 
percentage of total calories increased the rate of lead absorption. Rats fed diets containing 40% 
and 60% fat experienced significant increases in tissue lead content, with the rats eating a 60% 
fat diet demonstrating a two-fold increase in body lead content (Bell and Spickett, 1983). In a 
different study, rats fed diets ranging from 10% to 40% fat demonstrated relative increases in 
tissue lead content (Barltrop and Khoo, 1975). Further work is necessary to elucidate the 
relationship between dietary fat and lead toxicity, though preliminary research suggests that 
elevated dietary fat intake increases lead absorption.  
 
3.4.3. Dietary Fat Sources and Recommendations 
 Dietary fat is found in plant and animal products, supplying the body with calories and 
fatty acids. The types of fatty acids found in a dietary fat source determine the nutritional quality 
of that food. The necessity of fat intake for weight management and overall health is unclear; 
both increases and reductions in dietary fat have been associated with weight gain and loss 
(FAO, 2008). This mismatch is likely due the dietary fat’s association with higher-calorie foods 
(FAO, 2008). Therefore, explicit dietary recommendations are difficult to find and are generally 
given as a percentage of total caloric intake. For the purposes of this study, daily fat 
recommendation in grams was calculated using “calories-from-fat” recommendations. These 
values should be considered a rough estimate of intake recommendations and should be 
considered only within the context of this work. Total dietary fat intake recommendations are 
detailed in Table 3.3. A list of the fat content per serving of common foods can be found in 
Appendix C. 
 
Table 3.3: Recommended Daily Allowances for Dietary Fat 
Age Total Fat Limits* Calorie Recommendations† Fat Recommendation∆ 
2 to 3 years 30% to 35% of daily 
calories 
1000 calories 33 to 39 g 
4 to 18 years 25% to 35% of daily 
calories 
1200-1800 calories 33 to 70 g 
19 years and 
older 
20% to 35% of daily 
calories 
2000-2400 calories 44 to 93 g 
*Source: CDC Nutrition For Everyone: Dietary Fat, 2011. 
†Source: USDA: Calories- How Many Can I Have?, 2012. 
∆ Source: University of Maryland Heart Center: How Many Calories and Fat Grams Do You Need?, 2011. 
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Not all fat sources are nutritionally equal. Saturated and trans fatty acids are considered 
“bad fats” and should be minimized in the diet. Saturated fatty acids are solid at room 
temperature and are generally found in animal products. Saturated fatty acids are produced by 
the human body and are therefore are not required through the diet. Consuming more than 10% 
of calories from saturated fats is associated with higher levels of total and low-density 
lipoprotein (LDL) cholesterol, which are risk factors for cardiovascular disease. Common 
sources of saturated fats in the diet of the U.S. population can be found in Appendix C(i)3. Trans 
fatty acids are both naturally occurring and produced during food processing. Trans fatty acid 
intake, as from margarine and baked goods, has also been correlated with increases in LDL 
cholesterol. (USDA, 2010) 
Monounsaturated and polyunsaturated fatty acids are considered “good fats” and should 
replace “bad fats” in the diet (USDA, 2010). These unsaturated fatty acids, known as oils, are 
liquid at room temperature. Unsaturated fatty acids reduce total and LDL cholesterol, decreasing 
the risk of cardiovascular disease (USDA, 2010). Polyunsaturated fats come in two varieties: 
Omega-3 and Omega-6, both of which provide essential fatty acids to the body. Omega-6 cannot 
be made by the human body. Common sources of unsaturated fats can be found in Appendix 
C(ii)3. For the purposes of a “lead-safe” diet, overall dietary fat intake should be reduced and, 
for general health, limited to monounsaturated and polyunsaturated fats.  
 
3.5. Protein 
3.5.1. Protein and Lead Interactions and Toxicity  
The interactions between dietary protein and lead are not well understood. Rodents fed 
diets supplemented with casein, a protein commonly found in milk products, displayed signs of 
decreased lead toxicity (Sandstead, 1977). In similar studies, rats fed protein-free diets displayed 
increased lead absorption (Barltrop and Khoo, 1975; Sandstead, 1977). While the relationship 
between protein and lead is poorly understood, it is hypothesized that receiving adequate protein 
may decrease the effects of lead toxicity (Goyer and Mahaffey, 1972).  
 
3.5.2. Dietary Protein Sources and Recommendations 
 Protein is comprised of amino acids, and is commonly found in seafood, meat, poultry, 
eggs, beans, peas, soy, nuts, grains and seeds. A list of the protein content per serving of 
common foods can be found Appendix D. Foods with dietary protein also contain key 
micronutrients including B vitamins, vitamin E, iron, zinc and magnesium. As many meat and 
poultry proteins are associated with solid fats, it is recommended that they be eaten in lean 
forms. A balanced diet should include various protein sources to maximize nutrient intake while 
also accounting for calorie, sodium and fat content (USDA, 2010). The recommended daily 
allowance for protein intake is detailed in Table 3.4. Eating adequate protein, as appropriate by 
age and sex, may be beneficial in decreasing lead toxicity.  
 
     Table 3.4: Recommended Daily Allowances for Dietary Protein  
Age Male Female 
1 to 3 years 13 g 13 g 
2 to 8 years 19 g 19 g 
9 to 13 years 34 g 34 g 
14 to 18 years 46 g 54 g 
19 to 70 years and older 46 g 56 g 
Source: CDC Nutrition for Everyone- Protein, 2011. 
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3.6. Zinc 
3.6.1. Zinc and Lead Interactions and Toxicity 
 Zinc primarily interacts with lead in the gastrointestinal tract (Cerklewski and Forbes, 
1976; Papaioannou et al., 1978; DeMichelle, 1984) and is thought to decrease intestinal lead 
absorption (Moore, 1979).  Zinc is important component of the heme-synthesis pathway and is 
able to rehabilitate the pathway after it is inhibited by lead, thereby mediating the post-absorptive 
effects of lead (Sandstead, 1977; Papaioannou et al., 1978). However, study of this relationship 
has been limited by imperfect techniques in identifying mild zinc deficiency (Goyer, 1995).  
Cerklewski and Forbes (1976) analyzed the influence of dietary zinc on rats fed a lead-
supplemented diet. As dietary zinc increased, the severity of lead toxicity and body lead levels 
decreased, while injected zinc had no effects (Cerklewski and Forbes, 1976). A similar study by 
El-Gazzar et al. (1987) also found that rats fed dietary zinc and lead experienced decreased 
absorption compared to animals receiving only lead in the diet.  
In an study on 22 battery workers (Papaioannou et al., 1978), a daily supplement regimen 
of 2,000 mg Vitamin C and 60 mg zinc resulted in a BLL drop from 67.6 ± 14.9 µg/dL to 46.0 ± 
14.9 µg/dL over a 24 week period of regular working conditions. Though there is a limited pool 
of controlled studies on the physiological interactions of lead and zinc, current evidence suggests 
that zinc may play an important role in decreasing lead absorption and toxicity.   
 
3.6.2. Zinc Sources and Recommendations 
 Zinc is an essential mineral involved in many metabolic processes (NIH, Zinc 2011). 
Zinc plays a role in enzyme function, immunity, protein synthesis, wound healing, DNA 
synthesis and cell division (NIH, Zinc 2011). The recommended daily allowances for zinc in the 
diet are detailed in Table 3.5.  
 
     Table 3.5: Recommended Daily Allowances for Zinc 
Age Male Female Pregnant Lactating 
0 to 6 months 2 mg* 2 mg*   
7 to 12 months 3 mg 3 mg   
1 to 3 years 3 mg 3 mg   
4 to 8 years 5 mg 5 mg   
9 to 13 years 8 mg 8 mg   
14 to 18 years 11 mg 9 mg 12 mg 13 mg 
19 years and older 11 mg 8 mg 11 mg 12 mg 
*Adequate Intake (Insufficient evidence for an RDA; level of assumed nutritional adequacy) 
Source: NIH Dietary Supplement Fact Sheet- Zinc, 2011. 
 
Zinc is found in oysters, red meat, poultry, beans, nuts, some seafood, whole grains, 
dairy, and fortified cereals (NIH, Zinc 2011). Zinc is less bioavailable from plant sources due to 
the presence of phytates, which inhibit its absorption (NIH, Zinc 2011). A list foods containing 
zinc can be found in Appendix E. Eating adequate zinc, as appropriate by age and sex, may 
diminish lead absorption and reduce the toxicity of lead. 
 
3.7. Vitamin C 
3.7.1. Vitamin C and Lead Interactions and Toxicity 
Vitamin C, or ascorbic acid, is generally thought to decrease lead toxicity. Vitamin C acts 
as a chelating agent that decreases the toxic effects of lead when ingested (Shanlan et al., 2005). 
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It has been suggested that Vitamin C limits lead’s interactions with critical molecules and with 
the heme-synthesis pathway, thereby hampering its toxicity (Shalan et al., 2005). Others suggest 
that Vitamin C may reduce intestinal absorption of lead (Shalan et al., 2005).  Alternatively, 
Vitamin C is thought to increase the solubility of Pb by increasing gastric acidity which can 
influence lead bioaccessibility (Moore, 1979).  
Animal studies have demonstrated that Vitamin C may protect against lead absorption 
and toxicity. Human and animal studies often quantify Vitamin C status by measuring serum 
ascorbic acid; however, this method does not differentiate between dietary Vitamin C and 
supplemental Vitamin C. Analysis of NHANES III data indicates that serum ascorbic acid and 
BLLs were inversely correlated and children with highest serum ascorbic acid were 89% less 
likely to have elevated BLLs than children with the lowest serum ascorbic acid levels. However, 
this analysis did not indicate significance between dietary ascorbic acid and BLLs. Therefore, 
future work should examine the relative contribution of dietary versus supplemental Vitamin C 
in establishing the relationship between Vitamin C and lead (Houston and Johnson, 2000).  
In 1939, Holmes et al. reported cases of industrial workers painter regularly exposed to 
lead in their work, who were treated with Vitamin C supplements. All workers treated with 
Vitamin C reported improved health conditions, including increased energy, appetite and sleep 
quality (Holmes et al., 1939). These results suggest that Vitamin C treatment can mediate the 
effects of lead toxicity. In a separate study, 22 battery workers given a daily supplement of 2000 
mg Vitamin C and 60 mg zinc experienced in a mean drop in BLL from 67.6 ± 14.9 µg/dL to 
46.0 ± 14.9 µg/dL over a 24 week period of regular working conditions (Papaioannou et al., 
1978). Analysis of NHANES III data for 4,213 youth under the age of 17 revealed that high 
serum ascorbic acid is associated with decreased BLLs, indicating that Vitamin C may be a 
viable treatment for controlling lead toxicity (Simon and Hudes, 1999).  
While Vitamin C limits the toxicity of lead poisoning, it does not serve as a treatment for 
existing lead poisoning. In a study on rats, Suzuki and Yoshida (1979) found that dietary 
supplementation of Vitamin C and iron had no curative effect on preexisting lead poisoning. 
 
7.2. Vitamin C Sources and Recommendations 
 Vitamin C acts as an antioxidant in the body, protecting cells from damage (NIH, 
Vitamin C 2011). Vitamin C is also critical in wound healing, immune function and iron 
absorption from plant-based foods (NIH, Vitamin C 2011). Vitamin C is primarily found in fruits 
and vegetables. A list foods containing Vitamin C can be found in Appendix F. The 
recommended daily intake of Vitamin C is detailed in Table 3.6.  
 
             Table 3.6: Recommended Daily Allowances for Vitamin C* 
Age Male Female Pregnant Lactating 
Birth to 6 months 40 mg 40 mg   
7 to 12 months 50 mg 50 mg   
1 to 3 years 15 mg 15 mg   
4 to 8 years 25 mg 25 mg   
9 to 13 years 45 mg 45 mg   
14 to 18 years 75 mg 65 mg 80 mg 115 mg 
19 years and older 90 mg 75 mg 85 mg 120 mg 
* Smokers should add 35 mg to their daily RDA. 
Source: NIH Dietary Supplement Fact Sheet- Vitamin C, 2011. 
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Vitamin C intake is substantially lower for low-income populations (Houston and 
Johnson, 2000). This is likely a result of many factors, including produce prices and limited 
access to produce (Houston and Johnson, 2000). Though Vitamin C is one of the most 
commonly used supplements in the U.S., it is strongly associated with white females with high 
levels of income and education (Houston and Johnson, 2000). This same cohort also tends to 
have healthier living conditions and lifestyles to protect against lead poisoning, biasing some 
population studies (Houston and Johnson, 2000). Houston and Johnson (2000) explain: 
“Although there may be a protective relationship between ascorbic acid and blood lead, other 
factors, such as unmeasured aspects of socioeconomic status, race, and income, may confound 
the relationship between ascorbic acid and blood lead concentrations.” As Vitamin C has been 
demonstrated to decrease lead toxicity, recommended daily allowances should be met.  
 
3.8. Vitamin D 
3.8.1. Vitamin D and Lead Interactions and Toxicity 
 Vitamin D increases intestinal absorption of lead (Goyer and Mahaffey, 1972, Smith et 
al., 1987) by activating intestinal binding proteins which promote lead absorption and bone 
deposition. Because of this, Vitamin D may increase lead toxicity (Goyer and Mahaffey, 1972; 
Peraza et al., 1998).  
Sobel et al. (1940) demonstrated that rats fed Vitamin D amassed three times more lead 
in their bone than rats without dietary Vitamin D, demonstrating that Vitamin D increases both 
the rate and degree of lead deposition when compared to normal subjects fed a diet free of 
Vitamin D. Barton et al. (1980) showed that, while both dietary Vitamin D deficiency and 
repletion increased lead absorption in rats, they also decreased lead retention in the body. 
A human study indicates that Vitamin D deficiency may increase lead absorption. In a 
study on human children, Sorrel and Rosen (1977) found that Vitamin D deficiency, rather than 
repletion, is associated with elevated BLLs. Thus, the role of Vitamin D in lead metabolism is 
controversial and merits further study.  
 
3.8.2. Vitamin D Sources and Recommendations 
 Vitamin D is a fat-soluble vitamin that promotes calcium absorption and normal bone 
mineralization, reduces inflammation, and is a building block of many gene coding proteins 
(NIH, Vitamin D 2011).  Vitamin D is present in few foods, is used as an additive to some foods 
and is available in supplement form (NIH, Vitamin D 2011).  Additionally, ultraviolet ray 
exposure through sunlight allows the body to synthesize Vitamin D (NIH, Vitamin D 2011). A 
list foods containing Vitamin D can be found in Appendix G. The recommended daily intake of 
Vitamin D is detailed in Table 3.7.  
 
       Table 3.7: Recommended Daily Allowances for Vitamin D 
Age Male Female 
Birth to 12 months* 10 µg 10 µg 
1 to 70 years 15 µg 15 µg 
70 years and older 20 µg 20 µg 
*Adequate Intake (Insufficient evidence for an RDA; level of assumed nutritional adequacy) 
Source: NIH Dietary Supplement Fact Sheet- Vitamin D, 2011. 
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Both dietary intake and sun exposure should be considered in determining Vitamin D 
levels. As the role of Vitamin D in lead toxicity remains controversial, maintaining adequate but 
not excessive Vitamin D levels is recommended.  
 
3.9. Frequency of Meals 
3.9.1. Meal Frequency and Lead Interactions and Toxicity 
 In a study on five men, Rabinwoitz et al. (1980) attempted to mimic the role of fasting, or 
infrequent eating, on lead absorption. After a brief period of fasting, lead absorption increased to 
3 to 4 times of what it had been when lead was ingested with a meal (Rabinowitz et al., 1980). A 
balance study indicated that less lead was excreted than ingested, demonstrating net lead 
absorption over the trial periods (Rabinowitz et al., 1980). Blake et al. (1983) similarly found 
that, for 3 human subjects, gastrointestinal absorption of lead increased when lead was ingested 
after fasting, while ingesting lead on a “full stomach” resulted in lower levels of lead absorption. 
There is a very limited number of such balance studies on humans to determine the role of 
fasting and lead absorption, and those that exist have very small sample sizes. However, the 
existing research suggests that regular food consumption may minimize intestinal lead 
absorption.  
 
3.9.2. Factors Influencing Frequency of Meals and Recommendations 
 The general format of daily eating patterns involves breakfast, lunch, dinner and 
occasional snacking in between meals. Infrequency or irregularity of meals is largely influenced 
by personal choice, economic constraints, and cultural eating patterns. On an individual level, 
factors including dietary preferences, intended weight loss, or lack of time during the workday 
may influence meal frequency. Economically, an individual may not be able to afford the volume 
of food necessary for regular meals, necessitating infrequent or irregular eating. Additionally, 
societal eating patters can influence meal frequency. For example, some religious feasts require 
fasting, influencing eating frequency, especially during long festivals such as Ramadan.  
 To avoid periods of fasting, those at risk for lead exposure should be encouraged to eat 
regular meals, including breakfast upon waking up and snacks between lunch, dinner and 
bedtime (Sargent, 1994). Regular food intake can limit lead absorption.  
 
3.10. Collective Dietary Recommendations for Preventing Lead Poisoning 
 The following present the guidelines for a lead-safe diet: 
1)   Increase consumption of calcium, iron, zinc and Vitamin C.  
2) Limit consumption of dietary fat (especially saturated fats) and Vitamin D. 
3) Eat frequently, including snacks between regular meals.  
Together, these dietary recommendations represent a general“lead-safe” diet, as 
assembled from existing research. These recommendations should be considered on an 
individual basis regarding specific doses and in consideration of existing conditions and medical 
recommendations. They present a broad picture of the nutrient and macromolecule balance 
necessary to limit lead absorption in the body. Table 3.8 summarizes the key findings on dietary 
recommendations and applications.  
Adopoting these dietary changes will not affect access to lead in the environment and will 
have no affect on the amount of lead entering the body. Rather, these dietary recommendations 
will influence the metabolic handling of lead once it enters the body and may limit lead 
absorption into blood and bone.  
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These recommendations are formulated one the scale of specific nutrients and 
macromolecules. An individual at risk for lead poisoning may find such recommendations 
obscure and irrelevant. In order to inform dietary practices of at-risk populations for lead 
exposure, these dietary recommendations should be formatted in a manner appropriate to the 
target audience.  
Further, these recommendations should be contextualized by existing dietary patterns. 
For instance, someone who receives excess calcium already does not need to increase calcium 
intake. To establish a lead-safe diet within the bounds of existing dietary patterns, these generic 
lead-safe dietary recommendations will be compared to the typical diets of Americans by age 
and race in Chapter 4.  
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Table 3.8: Summary of Key Findings on Dietary Interactions with Lead. Recommended actions for a 
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Chapter 4: Ethnicity and Dietary Patterns 
 
4.1. Demographic and Social Determinants of Diet 
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4.3.1.  Calcium 
4.3.2.  Iron  
4.3.3.  Dietary Fat 
4.3.4.  Dietary Protein 
4.3.5.  Zinc 
4.3.6.  Vitamin C 
4.3.7.  Vitamin D 
4.3.8.  Meal Frequency 
4.4. Existing Recommendations for a Lead-Safe Diet 




1. Ethnicity, culture and socio-economic status are the major influences on food 
choices. 
2. A lead-safe diet changes according to age and ethnicity. 
3. Existing lead poisoning prevention literature does not acknowledge the varying 
needs of different age and ethnic groups and does not present dietary 
recommendations in a population-specific manner. 
4. Lead-safe dietary recommendations vary according to age and ethnicity, so lead 




4.1. Demographic and Social Determinants of Diet 
 The dietary recommendations for limiting lead metabolism developed in Chapter 3 are 
the skeleton a lead-safe diet. The dietary guidelines to eat frequently, increase calcium, iron, zinc 
and Vitamin C intake and decrease dietary fat and Vitamin D intake are generic and vague. To 
most people, these instructions would be meaningless without the context of actual foods or 
meals. Further, this basic protocol does not account for existing dietary practices. In order to 
communicate meaningful dietary advice to those who need it, we must first understand the 
demographic and social foundations on which these dietary recommendations will be built.  
Decisions about food and eating are connected to deeply held preferences and beliefs and 
are influenced by availability and cost. While food choices are inherently personal, our social 
and cultural conditions play a substantial role in dietary decision-making. Throughout this study, 
population data is divided into categories of “white,” “black,” and “Hispanic.” These divisions 
are derived from available data sources and provide a steady categorization through our 
demographic, dietary and lead analyses. In this chapter, these categories will be used to 
understand demographic differences in health recommendations for a lead-safe diet. 
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4.1.1. Discussion of Race, Ethnicity and Culture 
The term “race” is often used by data collection schemes to divide people into major 
categories. Indeed, much of the research on demographic patterns in lead poisoning has 
identified particular racial groups as being at high-risk (see Chapter 2). Unfortunately, in 
America and around the world, race “has been commonly defined in terms of biological 
differences between groups that are assumed to be genetic” (Pearce et al., 2004).  
“The terminology of race, ethnicity, and culture is a source of continuing debate and will 
change because of fashion and politics. Given our diversity, the fact that ethnicity is . . . self 
classified, and that both ethnicity and culture are dynamic[,] it seems unlikely that an agreed 
taxonomy can be achieved” explain McKenzie and Crowcroft (1996). We must recognize that 
using the term “race” in describing groups of people is politically loaded tool that carries 
underlying assumptions about genetic variation amongst humans.  
 It is beyond the scope of this research to delve into the physical and genetic differences 
between people of different “races.” Yet, it is important to understand that very little of the 
genetic variation between individuals can be attributed to racial differences: 
[A]bout 85 percent of all identified human genetic variation is between any two 
individuals from the same ethnic group. Another 8 percent of all the variation is 
between ethnic groups within a race- say between Spanish [and] Irish . . . - and only 7 
percent of all human genetic variation lies . . . between major human races such as 
those of Africa, Asia, Europe and Oceana. (Lewontin, 1982)  
Rather, than viewing skin color as the primary difference between people, we must begin to 
consider social, cultural and ethnic differences as the primary drivers of our experiences and 
choices. In exploring the motivations and factors that influence dietary choices and their 
implications for lead exposure, the social and cultural aspects of an individual’s identity are most 
critical. 
Culture is learned from a child’s family and social group and is “a collective adaptation 
to a specific set of environmental conditions” (Kittler and Sucher, 2008). An individual’s culture 
is comprised of primary and secondary characteristics; primary characteristics include 
nationality, race, color, gender, age and religious affiliation and secondary characteristics include 
educational status, socio-economic status (SES), occupation, military experience, political 
beliefs, urban/rural residence, enclave identity, marital status, parental status, physical 
characteristics, sexual orientation, gender identity, migration history and immigration status 
(Purnell, 2002).  
Culture is generally dictated by an individual’s ethnicity (Kittler and Sucher, 2008). 
“Ethnicity is a social identity associated with shared behavior patterns, including food habits, 
dress, language, family structure, and often religious affiliation” (Kittler and Sucher, 2008). 
According to Kittler and Sucher’s definitions, the ethnicity of a given population accommodates 
the relevant cultural differences associated with food choices. However, an individual’s culture 
or ethnicity, especially in modern America, is a complex identity for many individuals. 
“Interventions addressing audiences with people from several cultures present complications for 
‘multicultural sensitivity.’ The extent to which there is overlap in deeper structure behavior and 
beliefs among cultures could vary from no overlap to complete overlap” (Cullen et al., 2002).  
 There is little evidence to suggest that any of 7 percent of human genetic variation 
attributable to race is applicable to health (Pearce et al., 2004). “The lack of major systematic 
genetic differences between ethnic groups, together with the extensive differences in lifestyle 
(diet, alcohol, housing, smoking etc.), means that ethnic differences in mortality and morbidity to 
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some extent provide evidence against the importance of genetic factors and for the importance of 
environmental factors” (Pearce et al., 2004). Our environmental exposures and our social 
circumstances, rather than biological differences, account for personal health. Therefore, we can 
assume that cultural factors, in part driven by ethnicity, are the primary drivers for an 
individual’s lead-diet interactions.  
For the purposes of this research, the term “ethnicity” will be used in discussing our three 
groupings of people as “white,” “black,” and “Hispanic.” These categories are an artifact of our 
available data from the NHANES surveys and the U.S. Census. While these categories are 
intended to denote the major races in the U.S., in the context of this research, they serve as 
proxies to categorize major cultural and ethnic groups within the United States. Using racial 
categories as a proxy for ethnicity is a shallow estimation of cultural differences between people. 
On the scale of community dietary interventions, this analytical shortcoming will be overcome 
by population-specific demographic and cultural analysis in the development of a localized 
prevention effort. 
  
4.1.2. Ethnicity and Food Choices 
Examining existing compliance with lead-safe nutrition practices may illuminate the 
influence of social and cultural identity on personal health choices. The goal of this research is to 
improve lead poisoning prevention by communicating dietary recommendations to at-risk 
communities. Ethnicity is one of the primary influences on dietary patterns in the U.S. and 
“[h]ealth professionals interested in promoting dietary change can benefit from considering the 
roles that ethnicity plays in influencing food choice,” argue Devine et al. (1999). Therefore, 
ethnicity is used as a means of isolating at-risk subpopulations that share common dietary 
patterns.  
Ethnicity is certainly not the only driver in personal food choices: “Deeper dynamics are 
involved in ethnic food choices than descriptions of the foodways of various ethnic groups” 
(Devine et al., 1999). While ethnicity plays a central role in food choices, other influences should 
not be undervalued. However, within the limitations of this study, ethnicity will be used as a 
proxy for many of these other variables. 
 
4.2. What We Eat in America 
NHANES data was utilized to determine how well Americans comply with 
recommended daily intakes of the key dietary components associated with lead metabolism. 
Dietary data were collected from the USDA’s “What We Eat in America” program, which is the 
dietary interview component of the NHANES survey (USDA, 2011) (see Appendix H). Nutrient 
intakes by ethnicity and age from the period of 2007 to 2008 were examined to assess their 
relationship with recommended daily allowances for each dietary component. Ethnic groups 
were non-Hispanic white (white), non-Hispanic black (black) and Hispanic.  
USDA diet data were compared with recommended daily intakes to determine general 
compliance with dietary standards. Representative dietary intakes of the U.S. population by 
ethnicity and age were aligned with the dietary recommendations for a “lead-safe diet,” as 
outlined in Chapter 3. In this way, deficient and excess nutrient intakes were identified for 
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4.3. Comparing American Diet Patterns with Recommendations 
Figure 4.1 displays the recommended range of dietary component intakes for a lead-safe 
diet by ethnicity and age group. For sex-specific recommendations, please refer to the individual 
nutrient tables in Chapter 3. As the USDA diet data by age and ethnicity are not divided by sex, 
the recommended intake ranges are very wide for certain dietary components. These should be 
observed as general bounds, not specific values. Indeed, dietary recommendations vary by 
individual and the below data are intended to represent general trends in the U.S. population. The 
following dietary analyses estimate compliance with a lead-safe diet and do not account for 
individual medical and nutritional needs. 
 
4.3.1. Calcium  
Calcium intakes for children aged 2 to 5 are generally adequate, though they are visibly 
lower for black children. For all ethnicity groups, children aged 6 to 11 years receive inadequate 
calcium. This is particularly significant for girls, who experience a critical period of calcium 
accretion from ages 10-15 (Bailey et al., 2000). For all ethnicity groups, but particularly for 
black Americans, calcium intake is below the daily intake recommendations for people aged 12 
and over. This pattern indicates that all Americans aged 6 years and older should consume more 
calcium. In particular, black Americans should increase their calcium intake.  
 
4.3.2. Iron 
Iron intakes are above the recommended daily allowance for all groups, excluding white 
children ages 2 to 5 years and for children of all ethnicities ages 6-11 years. People aged 12 and 
over appear to receive adequate iron, though intake values for all ethnic groups are below the 
high bound of the recommended intake range. Black Americans aged 12 and older receive 12.8% 
less iron than White Americans and 9.3% less iron than Hispanic Americans of the same age 
group. White children aged 2 to 5 years and individuals 12 years and older of all ethnicities, and 
in particular black Americans, should increase iron intake.  
 
4.3.3. Dietary Fat 
Dietary fat intake recommendations are generally vague and the approximated 
recommended range is wide, as discussed in Chapter 3. Given the wide and inexact 
recommendation values, children of all ethnicities aged 2 to 5 years could consume excess 
dietary fat, by as much as 20 g per day. White and black American children aged 6-11 years are 
in the upper bounds of recommended fat intake, while Hispanic children are well below the 
maximum recommendation. People aged 12 to 19 years, especially white Americans, consume 
excess dietary fat. For all ethnicities aged 20 and older, dietary fat intake is below the upper 
recommended bound. However, considering the lead-safe diet recommendation to limit fat 
intake, people of all ages and ethnicities should decrease dietary fat intake. 
 
4.3.4. Dietary Protein 
Protein intake for Americans of all ages and ethnicities is higher than the daily intake 
recommendation. The largest discrepancies are in children aged 2 to 5 years who receive 30 to 
40 extra grams of protein each day. As the lead-safe dietary recommendation for protein 
recommends adequate protein intake, no population segment should increase protein intake.  
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Figure 4.1: Estimated Daily Intakes of Dietary 
Components by Ethnicity and Age (±SE) 
Compared to Recommended Intakes. Daily intakes 
of dietary components by ethnicity and age were 
collected by the USDA’s “What We Eat in America” 
survey for 2007-2008. Recommended intake values 
were gathered from the NIH Office of Dietary 
Supplements and the CDC Nutrition for Everyone 
program. Dietary fat recommendations were calculated 
using a formula from the University of Maryland 




Children from ages 2 through 11 years receive surplus zinc in their diets. White and 
Hispanic Americans aged 12 years and over receive adequate to excess zinc, while black 
Americans aged 12 and over receive adequate zinc. As consuming adequate zinc is 
recommended for limiting lead absorption, Americans should not increase zinc intake.  
 
4.3.6. Vitamin C 
For children aged 2 through 11 years, Vitamin C intake is above adequate. Notably, white 
children in this age group consume 20 to 40 mg less Vitamin C than black and Hispanic children 
of the same age. White Americans aged 12 and over should increase Vitamin C intake, while 
black and Hispanic Americans of the same age consume more than adequate amounts. As an 
increase in Vitamin C intake is recommended for a lead-safe diet, people aged 12 years and older 
of all ethnicities should maintain adequate Vitamin C intake.  
 
4.3.7. Vitamin D 
The values presented by the USDA data demonstrate only diet-sourced Vitamin D and do 
not account for sun exposure. For all populations across all age groups, Vitamin D intake is far 
below recommended levels. Black Americans have particularly low intake of Vitamin D. While 
Vitamin D may aid lead absorption, adequate but not excessive Vitamin D should be consumed. 
No change in Vitamin D intake is recommended, as long as basic health requirements are being 
met.  
 
4.3.8. Meal Frequency 
Meal frequency is a broad variable that is influenced by food access and cultural 
practices. NHANES “What We Eat in America” collects data on frequency of meals and snacks 
by ethnicity and age groups. The frequency of these demographic groups’ consumption of three 
meals: breakfast, lunch and dinner (BLD) in one day is displayed in Figure 4.2. Younger children 
tend to eat all three meals more consistently than older Americans. Whites more frequently 
receive BLD than black and Hispanic Americans. People aged 12-19 years and blacks and 
Hispanics aged 20 and older have the lowest rates of regular meal consumption.  
Snacking patterns give insight into the regularity of food intake between meals and may 
account for gaps in BLD consumption. Figure 4.3 shows the distribution of the consumption of 
one or fewer snacks in a day by ethnicity and age. Black children aged 2-5 years consume snacks 
less frequently than white and Hispanic children of the same age. Similarly, black and Hispanic 
children aged 6-11 years have fewer snack events than white children of the same age. In the 12 
to 19 age group, Hispanic children have the fewest snack events. Of people aged 20 and older, 
black and Hispanic Americans eat fewer snacks than whites. Notably, the proportion of the 
population eating one or fewer snacks each day is less than 20% for all age and ethnicity groups. 
The frequency of eating two to three snacks (Figure 4.4) and four or more snacks (Figure 
4.5) outside of meals was also examined by the USDA’s “What We Eat in America” survey. 
Across both snacking categories and all ages, white Americans consume more snacks than black 
and Hispanic Americans. Generally, black Americans consume the fewest snacks in all age 









Figure 4.2: Frequency of Consumption of 
Breakfast, Lunch and Dinner in One Day by 
Ethnicity and Age (±SE). Daily intake was 
estimated by the USDA’s “What We Eat in 
America” survey for 2007-2008. 
 
Figure 4.3: Frequency of Consuming 1 or 
Fewer Snacks in One Day by Ethnicity and 
Age (±SE). Daily intake was estimated by the 




Figure 4.4: Frequency of Consuming 2-3 
Snacks in One Day by Ethnicity and Age 
(±SE). Daily intake was estimated by the 
USDA’s “What We Eat in America” survey 
for 2007-2008. 
 
Figure 4.5: Frequency of Consuming 4 or 
More Snacks in One Day by Ethnicity and 
Age (±SE). Daily intake was estimated by the 






4.4. Existing Recommendations for a Lead-Safe Diet 
 Dietary recommendations for limiting lead metabolism are commonly found in state and 
national government lead poisoning prevention literature. The majority of these sources 
recommend generalized food groups and dietary practices. For example, the Minnesota 
Department of Health focuses its dietary recommendations on increasing intake of calcium, iron 
and Vitamin C (Figure 4.6).  
 
Figure 4.6: Minnesota Department of Health Dietary Recommendations for 
“Healthy Foods to Fight Lead.” Taken from the MN Department of Health 
website Frequently Asked Questions page for lead poisoning. (Minnesota 
Department of Health, 2011).  
 
Other state websites offer similar advice. California’s Department of Public Health and 
Tennessee’s Department of Health both recommend regular snack consumption, increased intake 
of calcium, iron and Vitamin C, and a reduction in dietary fat intake (California Department of 
Public Health, 2010; Tennessee Department of Health, 2012).  Illinois recommends increased 
consumption of the calcium, iron and Vitamin C trio along with the consumption of regular 
snacks so children “will not put non-food items in their mouths” (Illinois Department of Public 
Health, 2009). New Jersey recommends only increased calcium and iron intake (New Jersey 
Department of Health and Human Services, 2009).  
Most of these state websites offer examples of the dietary components they tout, 
generally generic foods like “cheese and yogurt” and “lean red meats” are advised. Component 
ingredients or vague food categories are recommended, rather than entire dishes or meals. None 
of the state websites mention that particular age or ethnic groups have unique dietary 
requirements or specific deficits in dietary components.  
 The U.S. EPA published a relevant pamphlet called “Fight Lead Poisoning with a 
Healthy Diet: Lead Poisoning Prevention Tips for Families” in 2001 (EPA Lead Awareness 
Program, 2001). The pamphlet (Appendix I) is written in simplistic language and briefly touches 
on the health effects of lead and its primary sources in our everyday environments. The pamphlet 
goes on to list recommended meals and snacks, along with recipes, without mention of targeted 
dietary components until the end of the packet where iron, calcium and Vitamin C intake are 
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recommended “to protect the body from the harmful effects of lead.” Besides mentioning that 
“[c]hildren with empty stomachs absorb more lead than children with full stomachs,” the 
publication otherwise ignores the role of other dietary components. While written in accessible 
language, the publication does not mention specialized needs of distinct demographic 
populations. 
 
4.5. Understanding Demographics for Effective Dietary Intervention 
 A lead-safe diet in the United States is not the same for all people. Individual dietary 
recommendations are specific to age and ethnicity for many dietary components. Table 4.1 
compiles the collective recommendations for intake of key dietary components by age and race. 
This collective information can be used as a guide for recommending dietary changes to at-risk 
subpopulations for lead exposure.  
As highlighted in grey in Table 4.1, calcium, iron, Vitamin C and meal frequency have 
the widest range of recommendations by age and racial group, indicating that age and ethnicity 
account for the largest variation for these dietary components. The other dietary components 
(dietary fat, protein, zinc, and Vitamin D) have uniform recommendations for all age and race 
groups. Interventions to communicate dietary recommendations for lead poisoning prevention 
should take this dichotomy into account- some dietary components are best suited for a standard 
recommendation while others require specific instruction according to the age and ethnicity 
distribution of the audience.   
Age- and ethnicity-specific recommendations allow targeted interventions and 
recommendations for lead exposure risk groups. Such targeted dietary recommendations will 
improve individual lead safety more effectively than generic recommendations. Additionally, the 
demographic specificity of this level of analysis will promote accurate and relevant dietary 
interventions and educational outreach.  
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Table 4.1: Recommended Dietary Interventions for Preventing Lead Poisoning. Compiled recommendations to increase intake (), decrease 
intake (), or maintain current intake () of the key dietary components for lead metabolism. These are based on the USDA’s “What We Eat in 
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Chapter 5: Profiling Childhood Lead Exposure in Massachusetts  
 
5.1. Massachusetts as a Model State 
5.2. Risk Assessment for Community Interventions Using Publicly Available Data  
5.3. Changing the National BLL Benchmark 
5.4. Methods of Data Analysis 
5.5. Results and Discussion 
5.5.1.  BLL Distributions by Place 
5.5.2.  Top Ten High-Risk Communities 
5.5.3.  Demographics of Lead Poisoning Risk 
5.5.3.1. Socio-Economic Status 
5.5.3.2. Education Profile 
5.5.3.3. Homeownership 
5.5.3.4. Ethnicity Distributions 
5.5.3.5. Demographic Overview 
5.6. Model Case Study Selections 
 
Key Points: 
1. The proposed CDC benchmark drop to 5 µg/dL will change which communities  
are considered to be at high risk for lead poisoning.  
2. High poverty rates, and large black and Hispanic population proportions are positively 
associated with higher incidence of BLLs from 5-10µg/dL in MA. 
3. Educational attainment, homeownership rates and large white population proportions 
are negatively associated with higher incidence of BLLs from 5-10µg/dL in MA. 
4. Socio-economic status is the overriding correlate to elevated BLLs in MA. 
 
 
The dietary recommendations formulated in Chapter 4 serve as a general framework for 
American age and ethnic groups. However, the robustness of this framework is limited in its 
geographic applicability. These age- and ethnicity-specific dietary recommendations are based 
on the “What We Eat in America” data (USDA, 2011), which quantifies typical dietary patterns 
in the American population. This data presents a broad estimation of national dietary trends by 
age and ethnicity, but does not account for local-scale differences in culture, lifestyle and 
resource access. Community-specific demographics, food access landscapes and health patterns 
should be accounted for in creating dietary intervention schemes.  
 As a model, the Commonwealth of Massachusetts will be used in developing community-
focused dietary interventions for childhood lead exposure. The dietary intervention models 
designed for specific risk groups in model communities will be theoretical. However, the basic 
approach to assess the specific needs of a target community presents as new paradigm for 
designing effective dietary intervention schemes.  
 
5.1. Massachusetts as a Model State 
Massachusetts (MA) was chosen as a model state because of its long history of lead 
monitoring, its centralized Childhood Lead Poisoning Prevention Program, and its diverse 
population demographics. Additionally, lead poisoning has a far-reaching legacy in 
Massachusetts due to its industrial past and historic urban centers.  
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The progressive Massachusetts Lead Law requires de-leading, at the cost of the property 
owner, of all homes or residences built before 1978 where children under the age of six years 
reside (MA Health and Human Services, 2005). The MA Lead Law also requires that all children 
aged 9 to 12 months, 2 years and 3 years be tested for lead (MA Health and Human Services, 
2005). If the child lives in a high-risk community, lead screening at age 4 is also recommended 
(MA Health and Human Services, 2005). This mandatory blood lead monitoring has generated a 
robust and publicly available database of statewide profiles for childhood lead exposure 
incidence (BEH, 2009).  
The MA Childhood Lead Poisoning Prevention Program, a division of the MA 
Department of Health and Human Services, serves to promote “the prevention, screening, 
diagnosis, and treatment of lead poisoning, including the elimination of sources of poisoning 
through research and educational, epidemiologic, and clinical activities” (MA CLPPP, 2005). 
The existence of a state-funded agency dedicated to minimizing the incidence of childhood lead 
poisoning in MA indicates the existence of a lead problem in the state, but also a strong 
commitment to promoting the health and safety of the state population.  
Massachusetts is a model state for lead exposure demographics. As one of the most 
historic states in the country, MA has a long history of development, industry and urbanization. 
In combination, these factors make MA a high-risk location for lead exposure. In working to 
understand the role of demographic risk factors for lead poisoning, MA provides an excellent 
model for diversity. Massachusetts’ range of urban and rural settlement allows analysis of 
location-based risk for lead exposure. Additionally, the state’s diverse ethnic profile may 
influence lead risk for particular groups more than others. (See Appendix J for the 2010 Census 
Profile for MA.) 
By exploring the demographic profiles for lead exposure in MA, this study will identify 
high-risk communities that merit dietary interventions for lead poisoning prevention. In assessing 
the influence of the key demographic conditions for lead poisoning, as discussed in Chapter 2, 
we will narrow a list of high-risk places in MA under the proposed 5 µg/dL lead poisoning 
benchmark. From these communities, demographic analysis will be used to choose case study 
locations that will be prescribed model dietary intervention schemes in Chapter 6.  
 
5.2. Risk Assessment for Community Interventions Using Publicly Available Data  
One of the driving goals of this work is to increase the efficacy and specificity of 
preventative dietary interventions for childhood lead poisoning. This approach relies on the basic 
understanding that each community has specific needs and requires targeted interventions in 
order to achieve the best results. Generic recommendations are much less effective than focused 
recommendations. Inherently, this approach requires a great deal more attention to small 
populations, which translates to more work when dealing with the huge number of communities 
within a state. However, community-level health organizations and public health departments 
can undertake this method of localized intervention design. In considering the needs of these 
types of community stakeholders, this approach to a localized risk assessment provides a data-
focused and scientifically-informed toolset for identifying risk groups.   
In order maximize access to the tools necessary for identifying at-risk communities and 
appropriate intervention boundaries, only publicly accessible data was used in these analyses. In 
working with Census statistics and state-gathered metrics, all of which are available for no cost, 
this approach to community risk assessment for lead exposure can be completed by any 
individual or organization for their community of interest. For some states, the quantity and 
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availability of blood lead screening data may be a limiting factor in such analyses, as all states 
differ in their mandates for lead screening and publication of this data.  
 This project, therefore, presents a model approach to performing a localized assessment 
of community lead risk using open-access data sources. Recommendations for a lead-safe diet 
should be applied in the context of at-risk communities on the local scale, taking into account the 
unique needs of the target community. By using free and public data, this approach to lead 
interventions is inexpensive, transferable and flexible according to community needs.  
 
5.3. Changing the National BLL Benchmark 
 The CDC establishes a benchmark BLL which establishes the official threshold of 
exposure at which a child merits health interventions. According to the CDC, “[a]pproximately 
250,000 U.S. children aged 1-5 years have blood lead levels greater than 10 micrograms of lead 
per deciliter of blood, the level at which CDC recommends public health actions be initiated” 
(CDC: Lead, 2012).  
 The CDC benchmark is not a static number, and has evolved over the years (see Figure 
5.1) as scientific advancements have improved our understanding of lead toxicity. In part, the 
decline in the CDC benchmark can be attributed to the success of lead abatement policies that 
limited the extent of childhood exposures.  
 
Figure 5.1: CDC BLL Benchmarks 1960 to Present, Including the January 2012 
ACCLPP Recommendation.  
 
 We are entering a transition period in the CDC lead benchmark- in January of 2012, the 
CDC’s Advisory Committee on Childhood Lead Poisoning Prevention (ACCLPP) recommended 
that the CDC adopt a movable benchmark that is reflects the 97.5th percentile BLL in American 
children aged 1-5 years (ACCLPP, 2012). This recommendation is a timely response to a 
growing scientific consensus that the threshold of permanent damage from lead exposure is quite 
lower than 10 µg/dL (Bellinger et al., 1991; Bellinger et al., 1992; Lanphear et al., 2000; Bernard 
et al., 2003; Lanphear et al., 2005; Braun et al., 2006; Schnass et al., 2006; Nigg et al., 2008; Roy 
et al., 2009). By allowing the CDC benchmark to fluctuate according to national lead exposure 
trends, this policy shift promises to reduce the lead poisoning benchmark over time, as lead 
exposure becomes less prevalent.  
 The new ACCLPP recommendation carries heavy implications for the state of childhood 
lead poisoning in this country. By reducing the threshold at which a child is merits health 
   
48 
interventions, this policy will increase the number of children in the U.S. considered to have 
childhood lead poisoning. This transition will place pressure on public health departments across 
the nation. In order to address this new cohort of high-risk children, we must implement novel 
prevention techniques in order to limit lead poisoning. Increased awareness of the role of diet as 
a lead poisoning prevention tactic can supplement overall prevention programming. As the 
current 97.5th percentile of BLLs in children aged 1-5 is 5 µg/dL, the following assessment 
addresses changes in MA lead risk demographics under the 5 µg/dL benchmark scenario.  
 
5.4. Methods of Data Analysis 
Frequency of 2007 BLLs for children aged 9 to 47 months in MA towns and cities 
(n=349) were gathered using an online database from the Massachusetts Department of Public 
Health’s Bureau of Environmental Health (BEH, 2009). BLLs binned by 0-9µg/dL, 10-14µg/dL, 
15-25µg/dL and 25+µg/dL were collected on the community scale for the year 2007 for 
consistency with USDA dietary data. These data were configured as the number of children in a 
particular BLL range per 1,000 children in the community. Places with incomplete or withheld 
data for BLLs were removed from the list.  
U.S. Census data from the 2010 Census Interactive Population Map was then used to 
gather race/ethnicity information for each community (U.S. Census, 2010). Communities with 
incomplete census profiles were removed from the list of eligible locations. Demographic 
measures of median household income, percent below the federal poverty level, homeownership 
rate, and educational attainment were collected for the period of 2006 to 2010 from the U.S. 
Census Bureau for remaining towns (U.S. Census Bureau, 2012). Communities with incomplete 
demographic data were removed from the list, leaving 54 communities with complete BLL, 
race/ethnicity and demographic data.  
Though it was not available online, the MA Department of Public Health issued the 2007 
BLL distributions for children aged 9-47 months from 0-10µg/dL for the narrowed communities 
(n=54) by request at no cost (MDPH, 2012). These data were binned for 0µg/dL, 1-4µg/dL and 
5-10µg/dL as percentages of the sampled population with BLLs from 0-10µg/dL. (See Appendix 
H for detailed data source overviews.) 
Pearson correlation and two-tailed significance values were calculated using SPSS 
predictive analytic software version 19 (IBM).  
 
5.5. Results and Discussion 
5.5.1. BLL Distributions by Place 
 The final communities, narrowed by availability of valid BLL data from MA Department 
of Public Health and complete 2010 U.S. Census data, are listed in Table 5.1 along with the 
binned BLL rates for 0-9 µg/dL, 10-14 µg/dL, 15-24 µg/dL and 25+ µg/dL per 1,000 children 
aged 9-47 months. These BLL distributions are portrayed graphically in Figure 5.2. Very 
obviously, the bulk of children fall in the 0-9 µg/dL category of this data.  
 
        Table 5.1: MA BLL Rates per 1000 Children Age 9-47 Months (2007) 
City 0-9 µg/dL 10-14µg/dL 15-24µg/dL 25+µg/dL 
Andover 999.3 0.7 0 0 
Athol 983.1 3.8 - - 
Attleboro 986.6 7.2 3.6 0.3 
Beverly 993.7 4.9 0 0 
Boston 988 7.9 2.1 1.3 
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Brockton 983.7 9.3 4.3 1.2 
Brookline 995.2 4 0.4 0 
Cambridge 995.6 3.1 0.4 0 
Chelsea 987.3 7.9 2.1 1.3 
Chicopee 992.8 4.6 1.1 0.7 
Easthampton 998.4 1.6 0 0 
Everett 987.2 7.2 3.6 1 
Fall River  988.8 5.7 3.6 0.9 
Fitchburg 984.2 9.1 3.6 1.2 
Framingham 994.2 4.4 1.5 0 
Gloucester 986.6 8.3 1.3 0 
Haverhill 988.6 6.4 3.1 0.5 
Hingham 998.6 0 0 0 
Holyoke 990.5 5.5 2.1 1.5 
Hudson 997.5 0.8 0 0 
Kingston 997.2 1.4 0 0 
Lawrence 991.9 5.2 1.4 0.9 
Leominster 995.6 3.6 0.4 0 
Lexington 998.3 1.7 0 0 
Lowell 988.9 6.2 2.7 0.5 
Lynn 978 13.1 5.5 1.5 
Malden 992 5.1 2.1 0.5 
Marlborough 990.5 5.5 1.2 0.4 
Maynard 997 0 1.5 0 
Medfield 998.4 0 0 0 
Medford 992.4 5.6 1.5 0.7 
Methuen 995.2 3.2 0.8 0 
Milford 985 9.8 - - 
Nantucket 985.5 3.6 0 0 
Needham 999.5 0 0 0 
New Bedford 974.1 13 4.8 1.1 
Newton 996.2 1.7 1 0 
Northhampton 995.2 1.9 2.9 0 
Peabody 997.3 1.9 0 0.4 
Pittsfield 986.5 7.8 2 0.7 
Plymouth 995.3 1.8 1.5 0 
Quincy 994.3 2.6 2.2 0.6 
Revere 995.2 2.5 1.4 0.3 
Salem 990.7 5.6 1.2 1.2 
Scituate 998.1 0.9 - 0 
Somerset 996.3 0 0 0 
Somerville 990.5 4.6 3 0.8 
Southbridge 978.3 12.2 - 1 
Springfield 980.2 11.1 4.7 0.6 
Taunton 986.7 8.9 0.3 1.1 
Wakefield 995.2 3.2 - 0 
West Springfield 979.4 13.7 - - 
Worchester 984.2 9.1 2.9 1.7 
Yarmouth 991.4 2.1 0 4.3 
- indicates unspecified data  
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Figure 5.2 indicates that nearly all children in the state of MA are below the current CDC 
benchmark of 10µg/dL and, according to the constraints of the current policy, are not at risk for 
lead poisoning.   
 To determine the impact of the proposed 5 µg/dL benchmark shift, Massachusetts 
children aged 9-47 months with BLLs from 0-10 µg/dL were examined within the selected 
communities. This cohort of children (n=101,147) represents 1.56% of the 2007 MA total 
population and 26.8% of the 2007 MA population under the age of 5 years (U.S. Census Bureau, 
2008). The sampled population for each community was divided into the following BLL bins: 0 
µg/dL, 1-4 µg/dL and 5-10µg/dL (Table 5.2).  
 





(% of n) 
1-4 µg/dL 
(% of n) 
5-10 µg/dL  
(% of n) 
Andover 751 25.2 74.4 0.00 
Athol 264 14.0 71.2 14.7 
Attleboro 1,536 5.30 82.4 12.2 
Beverly 1,083 1.40 87.9 10.6 
Boston 17,721 15.3 72.9 11.7 
Brockton 3,756 14.6 66.6 18.6 
Brookline 1,257 21.0 71.6 7.23 
Cambridge 2,187 26.7 64.2 9.00 
Chelsea 1,805 1.88 83.7 14.4 
Chicopee 1,379 4.56 83.6 11.7 
Easthampton 309 13.2 79.2 7.44 
Everett 1,434 6.76 79.9 7.44 
Fall River  2,892 21.8 61.0 17.0 
Fitchburg 1,300 51.2 33.8 14.9 
Framingham 1,961 30.2 60.9 8.77 
Gloucester 793 0.88 82.0 17.0 
Haverhill 2,062 29.8 59.4 10.7 
Hingham 759 21.7 74.0 4.21 
Holyoke 1,590 19.4 66.8 13.6 
Hudson 583 39.1 57.9 2.91 
Kingston 361 10.8 85.3 3.87 
Lawrence 3,267 6.97 83.6 9.39 
Leominster 1,286 63.6 29.3 7.07 
Lexington 595 44.3 55.6 0.00 
Lowell 3,746 2.37 87.3 10.3 
Lynn 3,613 1.66 81.6 16.7 
Malden 1,831 11.9 74.6 13.4 
Marlborough 1,293 32.4 58.7 8.89 
Maynard 330 42.4 57.5 0.00 
Medfield 324 50.9 49.0 0.00 
Medford 1,407 20.1 69.6 10.2 
Methuen 1,255 14.5 79.8 5.57 
Milford 809 27.5 63.0 9.39 
Nantucket 117 11.1 81.1 7.69 
Needham 993 18.6 76.5 4.83 
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New Bedford 3,670 0.65 76.6 22.7 
Newton 2,331 32.8 59.2 5.83 
Northampton 559 15.5 74.4 10.0 
Peabody 1,323 5.21 87.9 6.87 
Pittsfield 1,454 2.40 82.0 15.5 
Plymouth 1,441 5.27 88.2 6.45 
Quincy 2,523 19.7 70.2 9.98 
Revere 1,717 4.07 85.6 10.2 
Salem 1,179 1.86 85.5 12.5 
Scituate 519 44.7 49.7 5.58 
Somerset 329 23.2 73.4 3.31 
Somerville 1,784 15.6 69.2 15.1 
Southbridge 496 10.6 74.1 15.1 
Springfield 5,684 0.89 75.1 23.9 
Taunton 1,825 16.4 71.5 11.9 
Wakefield 622 18.6 75.8 5.46 
West Springfield 719 0.00 79.1 28.9 
Worchester 5,803 30.5 56.5 12.8 
Yarmouth 457 1.96 91.9 6.12 
Total 101,147    
 
The 0 µg/dL bin contains the proportion of sampled children with no lead exposure, 
representing the ideal conditions for healthy childhood development. Though the proportion of 
children with no lead exposure varies by community, that there is a measurable portion indicates 
that that a lead-free environment is achievable- there is no “background” BLL. This proportion is 
presented graphically, using the lightest grey, in Figure 5.3. 
The 1-4 µg/dL bin presents the portion of sampled children who have some lead exposure 
but, under the proposed ACCLPP policy, would still be considered healthy. The 5-10 µg/dL bin 
presents children who, if the ACCLPP policy recommendation is accepted, would require health 
interventions for elevated BLLs. The distribution of these children is displayed in Figure 5.3. 
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Figure 5.2: Percentage Distribution of Binned BLLs (0-24 µg/dL) for MA Children Aged 9-47 Months in 2007.  
 
 
Figure 5.3: Percentage Distribution of Binned BLLs (0-10 µg/dL) for MA Children Aged 9-47 Months in 2007.  
The ten communities with the largest population proportion with 5-10µg/dL are bracketed.  
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5.5.2. Top Ten High-Risk Communities 
For this study, the ten communities with the highest portions of children with BLLs from 
5-10µg/dL (bracketed in Figure 5.3) are considered the highest-risk communities for low-level 
childhood lead poisoning in MA. These communities, along with the population proportion with 
BLLs from 5-10 µg/dL, are displayed in Table 5.3.  
 
Table 5.3: Ten MA Communities with Highest Proportion of Children Aged 
9-47 months with BLL from 5-10µg/dL in 2007.  
Rank City % of Sampled Population with 
BLL from 5-10 µg/dL 
1 West Springfield 29.86% 
2 Springfield 23.97% 
3 New Bedford 22.72% 
4 Brockton 18.63% 
5 Fall River 17.08% 
6 Gloucester 17.02% 
7 Lynn 16.71% 
8 Pittsfield 15.54% 
9 Somerville 15.13% 
10 Southbridge 15.12% 
 
These ten communities, which have the highest populations of at-risk children for low-level lead 
exposure, are particularly high-risk places for a child to grow up. These places should be the first 
targets of public health interventions for minimizing lead exposure.  
The MA Childhood Lead Poisoning Protection Program (CLPPP) releases a ranking of 














Interestingly, the communities identified by our analyses do not completely line up with the MA 
CLPPP high-risk list (Table 5.4)- five of our identified high-risk communities are not included 
on the MA CLPPP list.  
As our ranking scheme uses the proportion of the population with BLLs between 0-
10µg/dL who’s BLLs are 5 µg/dL and above, it does not account for BLLs higher than 10 µg/dL. 
To account for potential discrepancies between rankings based on lower BLLs, our list was 
compared with the ten communities with the highest proportion of children with BLLs from 10-
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Table 5.4: Comparison of Top Ten High-Risk Communities. This study’s top ten 
high-risk communities (based highest proportion of 9-47 month old children with BLLs 
from 5-10 µg/dL in 2007) compared for inclusion in the MA CLPPP’s high risk 
rankings. The rank of the respective cities as a metric of population proportion with a 
BLL from 10-24 µg/dL is included. The “change” in ranking as compared with the 10-
24 µg/dL scale is denoted as moved up (), indicated by a positive value, or down (), 
indicated by a negative value. If the community was not ranked on the 10-24 µg/dL list, 
its position is simply indicated as a positive increase.  
Rank City CLPPP High Risk 
(2002-2007) 
10-24 µg/dL 
Top 10 Ranking 
Change 
1 West Springfield  4 +3    
2 Springfield  5 +3    
3 New Bedford  1 -2     
4 Brockton  7 +3    
5 Fall River  n/a +      
6 Gloucester  n/a +      
7 Lynn  2 -5     
8 Pittsfield  n/a +      
9 Somerville  n/a +      
10 Southbridge  3 -7     
 
 In comparing this study’s top ten risk communities with those from the MA CLPPP and 
those with the highest proportion of children with BLLs from 10-24 ug/dL, it becomes clear that 
a community’s lead poisoning risk is determined by the bounds of assessment. Simply changing 
the scope of examination to the 5-10 µg/dL range drastically changes the landscape of lead 
poisoning risk in MA. Clearly, this proposed ACCLPP policy would alter the way community 
lead risk is assessed, necessitating a re-evaluation of community resource allocation.  
 
5.5.3. Demographics of Lead Poisoning Risk 
 The following analyses are completed for the proportion of MA children aged 9-47 
months with a BLL of 10 µg/dL or below. While these data do not cover all MA children within 
the 9-17 month age range, this cohort represents a large majority of its demographic population 
(see Figure 5.2).  
 Chapter 2 presents the demographic correlates to increased lead poisoning risk. The key 
risk demographics include age, SES, ethnicity, parental education level and housing status. As 
the available MA BLL data covers children aged 9-47 months, the following analyses are limited 
to a cohort of young children who are most at risk for the developmental impacts of lead 
exposure. The following analyses, therefore, take into account the high-risk age period for lead 
exposure.   
 In these analyses, special attention will be afforded to the top ten risk communities 
identified in Table 5.3. These places, which particularly merit lead poisoning interventions, 
represent the demographic range of at-risk communities in the U.S. and may serve as a model for 
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5.5.3.1. Socio-Economic Status 
 Figure 5.4 relates the percentage of each community that falls below the federal poverty 
level, taken from the Census for the years 2006 to 2010, with the percent of the sampled 
population with a BLL from 5-10 µg/dL (p<0.001, r=0.646, r2=0.417). The ten communities with 
the highest portion of 9-47 month olds with BLLs from 5-10µg/dL are labeled in black, while 
outlying points of interest are labeled in grey. The strong positive correlation between these 
variables indicates that, amongst these MA communities, elevated BLLs more prevalent in 
communities with higher poverty rates.  
 
Figure 5.4: Association Between Community Poverty Level (2006-2010) and BLL 
from 5-10 µg/dL in Children Aged 9-47 Months (2007).  
 
5.5.3.2. Education Profile 
 The percentage of each community’s population (aged 25 and older) with a high school 
degree and with a bachelor’s degree or higher were collected from the U.S. Census over the 
period of 2006 to 2010. These values are compared with the percentage of the sampled 
population with a BLL from 5-10 µg/dL in Figure 5.5 (high school: p<0.001, r=-0.574, r2=0.329; 
Bachelor’s degree: p<0.001, r=-0.565, r2= 0.319). The ten communities with the highest portion 
of 9-47 month olds with BLLs from 5-10µg/dL are labeled in black, while outlying points of 
interest are labeled in grey. Both education metrics have a negative correlation with BLLs, 
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Figure 5.5: Association Between Community High School and Higher Education 
Attainment (2006-2010 for those aged 25+) and BLL from 5-10 µg/dL in Children 
Aged 9-47 Months (2007).  
 
5.5.3.3. Homeownership 
 Homeownership rates are used as a proxy for the home rental rate in a community. The 
homeownership rate for our selected communities was collected from the U.S. Census for the 
period of 2006 to 2010. The relationship between homeownership rate and the percentage of the 
sampled population with a BLL from 5-10 µg/dL is displayed in Figure 5.6 (p<0.001, r=-0.520, 
r2=0.270). The ten communities with the highest portion of 9-47 month olds with BLLs from 5-
10µg/dL are labeled in black, while outlying points of interest are labeled in grey. There is a 
negative correlation between homeownership rate and BLL, indicating that lower 
homeownership rates are associated with elevated BLLs. From this, we can extrapolate that 
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Figure 5.6: Association Between Homeownership Rate (2006-2010) and BLL from 5-
10 µg/dL in Children Aged 9-47 Months (2007).  
 
5.5.3.4. Ethnicity Distributions 
Minority race and ethnicity, in particular for African Americans and Hispanics, are risk 
factors for lead poisoning in America. As noted in Chapter 2, these risk factors are a product of 
social inequities in our nation, as all human beings are equally susceptible to the toxicity of lead.  
Ethnic population percentages for white, African American and Hispanic-identified 
groups were taken from 2010 U.S. Census data for our selected MA communities. Figure 5.7 
displays the correlation between the white percentage of the communities and the percentage of 
the sampled population with a BLL from 5-10 µg/dL (p<0.005, r=-0.412, r2=0.170). The ten 
communities with the highest portion of 9-47 month olds with BLLs from 5-10µg/dL are labeled 
in black. The negative correlation indicates that there is a slight association between a large 
white population and lower BLLs. Notably, the top ten communities with a high portion of BLLs 
from 5-10 µg/dL are distributed rather evenly over the horizontal range of white population 
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Figure 5.7: Association Between White Population Proportion (2010) and BLL from 
5-10 µg/dL in Children Aged 9-47 Months (2007).  
 
 The relationship between the African American population proportions and BLLs from 5-
10µg/dL is displayed in Figure 5.8 (p<0.001, r=0.466, r2=0.216). The ten communities with the 
highest portion of 9-47 month olds with BLLs from 5-10µg/dL are labeled in black, while 
outlying points of interest are labeled in grey. Notably, most of the top ten high-risk towns in 
MA have small African American populations, with the exception of Springfield and Brockton. 
The correlation value for the African American population proportions indicates that a larger 
Higher African American population proportions are associated with elevated BLLs.  
Hispanic population proportions are correlated to the proportion of community 
populations with BLLs from 5-10µg/dL in Figure 5.9 (p=0.01, r=0.349, r2=0.121). The ten 
communities with the highest portion of 9-47 month olds with BLLs from 5-10µg/dL are labeled 
in black, while outlying points of interest are labeled in grey. The correlation demonstrates a 
slight positive relationship between larger Hispanic populations and elevated BLLs, though this 
is weaker than the African American and white correlation values. Most of the top MA towns for 
BLLs from 5-10µg/dL have smaller Hispanic populations, compared with the large Hispanic 






Lynn Fall River Gloucester 
Pittsfield Somerville Southbridge 
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Figure 5.8: Association Between African American Population Proportion (2010) and BLL from 5-10 
µg/dL in Children Aged 9-47 Months (2007). Regression line fits the linear distribution for log 
transformed African American percent of population used to model a normal distribution. R2 value was 
gathered from the linear fit of log-transformed data.  
 
 
Figure 5.9: Association Between Hispanic Population Proportion (2010) and BLL from 5-10 µg/dL in 
Children Aged 9-47 Months (2007). Regression line fits the linear distribution for log transformed 
Hispanic percent of population used to model a normal distribution. R2 value was gathered from the linear 
fit of log-transformed data.
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5.5.3.5. Demographic Overview 
 The proportion of the population living under the federal poverty level, as correlated with 
the proportion of the population with BLLs from 5-10µg/dL (Figure 5.4), carries the largest 
correlation value of all of the examined demographic variables (Table 5.5). Collectively, the 
BLL correlations with the white and Hispanic population proportions are weaker correlations 
than the social demographics of poverty rate, educational attainment and homeownership rate 
(Table 5.5). Of the racial demographic correlations, African American population proportion has 
the strongest correlation with elevated BLLs. 
 
       Table 5.5: Demographic BLL Correlation Values 
Variable R2 Value for BLL Correlation 
Poverty Rate 0.417 
Educational Attainment 0.329 
African American Population 0.282 
Homeownership Rate  0.270 
Hispanic Population 0.265 
White Population 0.170 
 
Importantly, these findings demonstrate that socio-economic status (SES) is the overlying 
correlate to lead poisoning in MA. Poverty rate was used as a proxy for estimating the poverty 
level of each community. This proxy worked under the assumption that communities with high 
proportions of the population living under the federal poverty level were unlikely to have a large 
high-income population, as is generally true in the United States. Additionally, educational 
attainment is largely affected by socioeconomic status, as only 3% of students in the top 150 
colleges come from families in the bottom quartile of American income (Delbanco, 2012). 
Homeownership rate is a measure of the proportion of the population that can afford to own a 
home, which is reliant on a comfortable and regular income. Finally, considering that racial and 
ethnic correlations to elevated BLLs are not influenced by biological or genetic susceptibilities to 
lead poisoning, we can assume that the strong correlations of large African American and 
Hispanic population proportions with elevated BLLs is a product of SES inequality in 
neighborhoods with large populations of these minorities.  
 Median household income, which is the most fitting Census measure of a community’s 
average SES, is correlated with BLLs from 5-10µg/dL for MA communities in Figure 5.10 
(p<0.001, r=-0.663, r2=0.439). This correlation produces strongest negative relationship of a 
demographic variable with BLLs from 5-10 µg/dL. This finding supports the conclusion that 
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Figure 5.10: Association Between Median Household Income (2006-2010) and BLL 
from 5-10 µg/dL in Children Aged 9-47 Months (2007).  
 
 
5.6. Model Case Study Selections 
In order to formulate culturally relevant and localized dietary recommendations for lead 
poisoning prevention, this study will use three MA communities as model case studies. The three 
communities come from the top ten high-risk places for lead poisoning determined in Figure 5.3. 
The ethnic breakdown of the top ten high risk communities, based on 2010 U.S. Census data, is 
displayed in Figure 5.11.  
To present case studies representative of communities with a large minority population, 
the communities with the largest white, African American, and Hispanic population, 
respectively, were chosen as models. From the MA community list, Gloucester was chosen as a 
case study for a predominantly white community (95%) with high lead exposure risk. Brockton 
was chosen as a model of a community with a large African American population (35%). 
Springfield was chosen as the Hispanic (34%) community case study.  
Chapter 6 formulates model interventions for increasing high-risk community’s 
understanding of a lead-safe diet. These models will take into account the local resources, lead 
exposure patterns, ethnic and cultural dynamics, food access and communication requirements of 
the at-risk ethnic populations.  
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      Brockton           Fall River            Gloucester 
 
               
   Lynn          New Bedford   Pittsfield 
 
                
                   Somerville        Southbridge             Springfield  
 
 
              
    West Springfield 
Figure 5.11: Ethnic Distribution in 
the Top Ten High Risk Places in MA 
for BLLs from 5-10 µg/dL.  
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Chapter 6: Model Dietary Interventions for Brockton, Gloucester, 
and Springfield, Massachusetts 
 
6.1. Strategies for Dietary Intervention 
6.1.1.  Lessons from the Minnesota Heart Health Program 
6.2. The Population-Specific Intervention Model 
6.2.1. Ethnicity, Food Access and Food Choices 
6.2.2.  Social Learning Theory and the Health Belief Model 
6.2.3.  Population-Specific Intervention Examples 
6.3. Lead-Safe Diet Intervention Model 
6.4. Brockton 
6.4.1.  Case Study Location Background 
6.4.2.  Application of a Lead-Safe Dietary Intervention 
6.4.2.1. Recommendations 
6.5. Gloucester 
6.5.1.  Case Study Location Background 
6.5.2.  Application of a Lead-Safe Dietary Intervention 
6.5.2.1. Recommendations 
6.6. Springfield 
6.6.1.  Case Study Location Background 
6.6.2.  Application of a Lead-Safe Dietary Intervention 
6.6.2.1. Recommendations 
6.7.  The Merits of Localized Interventions 
 
 Key Points 
1. Dietary interventions for lead poisoning should focus on the at-risk population 
and contextualize lead education for the audience by giving them a sense of 
agency over their health.  
2. Basic spatial assessment of community resources in the context of the at-risk 
population can reveal important resource-access patterns in a community. 
3. Localized, population specific prevention schemes will most affectively reach 




6.1. Strategies for Dietary Intervention 
The body of research on strategies for promoting dietary changes on the community scale 
is largely focused on decreasing mortality and morbidity from cardiovascular disease, diabetes 
and cancers. Many studies focus on increasing physical activity and fruit and vegetable intake or 
decreasing fat intake (Cheadle et al., 1993; Young et al., 1996; Reger et al., 1999; Bowen and 
Beresford, 2002). This foundation of research on dietary intervention strategies serves as a strong 
base for developing local interventions for a lead-safe diet.  
Over the years, researchers have experimented with a wide range of strategies for 
communicating dietary health recommendations. Some strategies proved successful in promoting 
health improvements in target communities, while others were less effective. The most effective 
   
64 
strategies tended to account for local conditions, while broad interventions targeting an entire 
community population found less success. Dietary intervention strategies will have differential 
success rates according to local conditions.  
In a review of dietary intervention literature, Bowen and Beresford (2002) identify the 
following as successful strategies for promoting community dietary changes:  
• Tailored print materials 
• Self-help materials 
• Behavioral counseling 
• Coupons for fruit and vegetables 
• Community health screenings with follow-ups 
• Religious organization recruiting 
• Peer interventions 
• Supermarket announcements for healthy eating  
Yet, in a study aiming to decrease dietary fat intake, an enormous range of strategies 
including health screenings, education efforts and vast media coverage, all with the involvement 
and support of local community, religious and business organizations, only resulted in slight 
changes to dietary fat intake (Croft et al., 1994). In part, these studies, which identify differential 
success outcomes for many similar strategies, emphasize the significant role of community 
factors in determining the success of dietary interventions. 
While many community intervention studies utilize a broad range of communication 
strategies, others focus on specific methods in order to determine the success rates of each 
approache. Cheadle et al. (1993) demonstrated that changes in the grocery store environment, 
mostly involving more prominent displays of low-fat and high-fiber foods, resulted in positive 
changes in community health. O’Loughlin et al. (1997) found that mass mailings can be used as 
a fast way to reach a large portion of a community, especially people who were older, separated, 
widowed, divorced or who had infrequent physical activity. Mass media, including public 
service announcements and advertising on local television and radio stations, has been successful 
in improving public health measures of cardiovascular health and in reducing fat intake 
(Fortmann et al., 1981; Reger et al., 1999). However, Reger et al. (2000) found that the reduction 
in fat intake was not maintained after mass media advertising ceased.  
Overall, these studies demonstrate the need for localized interventions that account for 
community dynamics. A strategy that worked in one town won’t necessarily by successful in 
another. By working to reach the at-risk population by accounting for their demographic 
conditions and local resources, a dietary intervention is more likely to succeed.  
 
6.1.1. Lessons from the Minnesota Heart Heath Program  
 The Minnesota Heart Health Program experimented with a transition from introduced 
health education efforts to community-lead health promotion in three communities in the 
Minneapolis-St. Paul area from 1980 to 1990. The study aimed to improve health behaviors in 
order to reduce cholesterol levels and cardiovascular disease morbidity. In order to meet these 
goals, the program emphasized a number of health-specific interventions, including increased 
physical activity, smoking cessation and healthy eating patterns. For the first few years, 
community education was prioritized and later the program transitioned to a “community 
ownership” model. Educational strategies included social learning (discussed below), persuasive 
communications, community leader and institutional involvement, mass media, health 
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professional involvement, health screenings, and child education programs (Stern et al., 1976; 
Mittlemark et al., 1986; Luepker et al., 1994). 
As compared to control communities, the education intervention communities showed no 
significant differences in blood cholesterol levels, smoking prevalence, blood pressure, BMI, or 
coronary heart disease risk (Luepker et al., 1994). The authors explain:  
 
“It is tempting to interpret these results as indicating the intensive community-wide 
cardiovascular risk reduction program was ineffective, but that would be an 
oversimplification. Many of the individual components of the Minnesota Heart Health 
Program intervention have been shown to be effective . . . such as risk factor screening 
and education, classes for smoking cessation, and dietary change.  . . .We now recognize 
that it is far easier to change the risk profiles of the people who participate in these 
programs than to engage a large enough fraction of the community to change risk profiles 
for the entire community.” (Luepker et al., 1994) 
 
Notably, this decade-long program demonstrated little success in manipulating the health of an 
entire community. Yet, the authors ultimately found that residents willing to engage in a health 
intervention benefit from health interventions. Perhaps, then, the challenge is working to 
improve the relevance of an intervention for the target at-risk population.  
 
6.2. The Population-Specific Intervention Model 
6.2.1. Ethnicity, Food Access and Food Choices 
Our dietary intervention strategies will focus on particular ethnic groups within a risk 
population to account for social and cultural determinants of health. Ethnicity is a primary driver 
of food choice, chiefly due to its heavy association with SES in the United States. Many areas 
with large populations of ethnic minorities have limited access to food. Limited food access is 
partially enforced by an underdeveloped infrastructure in poorer or minority neighborhoods, 
which often lack grocery stores or have stores with lower-quality food (Kumar et al., 2010).  
Additionally, many ethnic minorities feel that their food choices are limited because 
culturally preferred foods are unavailable. A study by Grigsby-Toussaint et al. (2010) explored 
produce access in neighborhoods with large African American and Hispanic populations. Food 
and grocery stores in these neighborhoods are more likely to carry culturally specific produce 
than generic grocery stores, though access to these foods is relatively limited (Grigsby-Toussaint 
et al., 2010). Generic grocery stores tend to offer a specific set of produce items that are 
generally very different than produce preferred by African American and Hispanic communities 
(Table 6.1). While fewer African American and Hispanic culturally relevant produce items were 
available in grocery stores as compared with commonly available produce, even fewer culturally 
relevant items were available in convenience stores, which are more prevalent in neighborhoods 
with large African American and Hispanic populations. This study offers strong evidence that 
local ethnic distributions play a role in food availability and may influence the dietary decisions 
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Table 6.1: Examples of Differential Produce Preferences by Ethnic Group.  
Commonly Available 
Produce 































































Source: Grigsby-Toussaint et al. (2010) 
 
While limited access to culturally preferred produce and other foodstuffs may harm the 
dietary health of the local population, simply increasing availability of preferred foods can 
improve dietary quality.  A study by Di Noia and Contento (2010) demonstrated that consistent 
availability of fruits, juices and vegetables to children who may not otherwise have access to 
such foods on a regular basis resulted in increased consumption of these nutritious foods among 
African American children in a New York City summer camp. Such research is promising in 
solving dietary inadequacies in areas with poor food access, suggesting that simply increasing 
food availability can improve eating patterns and food choices.  
 
6.2.2. Social Learning Theory and the Health Belief Model 
The Social Learning Theory (SLT) and the Health Belief Model (HBM) can be used as 
base for understanding the psychological and perceptual role of the individual in determining 
responses to health recommendations. By accounting for individuals’ perceptions of their health 
in the design of a community dietary intervention, the target population will experience more 
successful adoption of the intervention. 
The SLT posits that “expectancies” and incentives drive changes in behavior. Incentives, 
or the reinforcement for behavioral changes, are defined as the value of a particular outcome, 
including health status, physical appearance, approval of others and economic gain (Rosenstock 
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et al., 1988). Under this model, expectancies, or the expected outcome of a situation, are divided 
into three types: 
1. Expectancies about environmental cues, or “what leads to what” 
2. Expectancies about the consequences of one’s actions, or outcome expectations 
3. Expectancies about one’s competence to perform the behavior needed to influence 
outcomes, or self-efficacy 
 HBM emphasizes the inherent importance of individual motivation to address a health 
problems through personal action by accounting for both the individual’s recognition of the 
problem and the person’s capability to influence their own health (Rosenstock et al., 1988). 
The Health Belief Model (HBM) theorizes that health-related actions depend on: 
1. Sufficient motivation or health concern 
2. Belief in one’s own susceptibility to a serious health problem 
3. Belief that following a particular health recommendation will reduce the 
perceived health threat 
 Not only must a health intervention convince its target audience that they are at risk for a 
health problem, but the target population must understand the source of the problem, their 
capability to influence the problem, and the potential outcomes of their actions in improving 
their personal health. By framing a health intervention in a way that gives the target-population 
agency over their understanding of a health problem and by providing tools for self-
improvement, the target population may experience more success in improving health.  
 
6.2.3. Population-Specific Intervention Examples 
 A large portion of the research on dietary interventions emphasizes the importance 
tailoring strategies to the at-risk community. Many of these studies experiment with strategies for 
reaching particularly marginalized at-risk groups, including populations of minority race and low 
SES.  Diet-focused lead poisoning interventions should build on this body of research, as 
childhood lead poisoning is exceptionally prevalent in particular subpopulations. Interventions 
for lead poisoning should be tailored to those at-risk populations.  
Researchers who recognize the unique needs of certain at-risk target populations have 
advocated for population-specific intervention models. In an experimental intervention designed 
to increase physical activity in several communities using community-wide efforts, Young et al. 
(1996) found that community awareness of physical activity benefits increased, but there was no 
significant increase in behavior. The authors noted that “[t]hese results underscore the need for 
[the] development of more effective interventions to change physical activity than [sic] is 
provided by a broad-based, community-wide health education program” (Young et al., 1996). 
Here, a community-wide intervention did not result in measurable results. Rather, a focused and 
tailored intervention scheme targeting the at-risk population may more effectively influence 
health improvements and maximize intervention resources.  
 In a review of behavioral interventions designed to modify dietary fat and fruit and 
vegetable intake, Ammerman et al. (2002) concluded that “[i]nterventions appeared to be more 
successful at positively changing dietary behavior among populations at risk (or diagnosed with) 
disease than among general, healthy populations.” Overall, the review found that goal-setting 
and small group education settings were most effective at changing dietary behavior. Yet, a 
single agent approach to changing dietary behavior is “neither feasible nor theoretically sound,” 
considering that “[d]ietary behavior change is inextricably linked to social, environmental, 
cultural, and individual psychosocial and cognitive factors.” The study found that nearly every 
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dietary intervention component, including family homework assignments, cooking classes, social 
support, small group sessions, goal-setting, interactive food activities and cultural/ethnic 
specificity, was somewhat successful, but results improved when tactics were combined 
(Ammerman et al, 2002). 
 Ammerman et al. (2002) ultimately advocate for interventions that are “specifically 
designed to be culturally sensitive.” While acknowledging that this approach to health 
interventions has received growing academic attention and funding, there is still a deficit in 
“good quality, published research” under this model. More academic attention must be paid to 
the risk-group intervention model, as “conventional intervention approaches may be a poor fit” 
for the needs of high-risk populations (Ammerman et al., 2002).  
A media-based community intervention to decrease dietary fat intake and cholesterol 
levels in three northern California communities was completely bilingual (Spanish and English) 
and utilized a range of media including television, radio, newspaper and billboards, pamphlets 
and cookbooks that were mailed to participants homes. Over a three-year period, participants 
demonstrated 20-40% decreases in dietary cholesterol and saturated fat intake. The authors note 
that “[t]he occurrence of dietary behavior gains among all SES groups in this study is reassuring 
empirical evidence that preventative programs can be designed to appeal to all social groups in a 
community. . . . Our program was carefully designed to reach Spanish speakers and low-SES 
persons by learning and using information on their media use habits and preparing messages 
suited to those habits which were also culturally appropriate.” By working to first understand the 
special needs of the Spanish-speaking, low-SES risk group, this study was able to tailor 
successful intervention programming to its target population, which resulted in measurable 
improvements to health (Fortmann et al., 1982).  
 Dietary interventions for at-risk communities follow the assumption that “[d]ifferences in 
socioeconomic status and food availability among ethnic groups  . . . may contribute to variation 
in dietary patterns through access to food and resources” (Devine et al., 1999). Health 
interventions that employ health professionals with cultural specialization and specific 
accommodations for the culture, including language, have shown statistically significant 
improvements in knowledge and health in at-risk communities (Brown and Hanis, 1995).  
 
6.3. Lead-Safe Diet Intervention Model 
In designing a health intervention program to increase awareness and adoption of a lead-
safe diet, it is important to situate the intervention within the context of existing research. By 
incorporating lessons learned from health education campaigns and community interventions, a 
lead-safe diet intervention will more successfully influence its target risk populations.  
Population-specific health interventions require a careful and focused understanding of 
the culture, social context, economic standing and health characteristics of the target population. 
In the case of childhood lead poisoning, these characteristics tend to follow the low-SES, 
minority populations living in the urban environment. The specific characteristics of 
communities with large at-risk populations must be carefully understood before formulating a 
dietary intervention plan. Importantly, a cookie-cutter model for a lead-safe dietary intervention 
simply will not account for the diverse range of at-risk population groups in the United States.  
The following strategies should be utilized in the design of each population’s lead-safe 
dietary intervention scheme: 
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1. The target risk population should be assessed for cultural factors including 
language preference, typical diet patterns, religious affiliation, social hierarchies, 
cultural practices and health care beliefs. 
2. The social conditions of the target risk population should be accounted for, 
including SES, access to health care, community resources and housing patterns.  
3. The intervention should include the essential components of the Social Learning 
Theory and the Health Belief Model, including focused efforts to educate the at-
risk population about lead exposure, the implications of lead poisoning, strategies 
for avoiding lead and the role of diet in lead poisoning prevention. Particular 
attention should be paid to assuring that the proposed strategies for dietary 
changes assure self-efficacy and individual agency and reducing the health threat.  
4. Community organizations, businesses and institutions, including local health 
advocates, hospitals, clinics, grocery stores, religious organizations, daycares, 
schools, food banks and community centers should be utilized as vectors of 
information, forums for communication, and as facilitators of the intervention 
strategies.  
5. Health screenings should be locally accessible and affordable.  
6. Media outreach, including the use of mailings, newspaper, radio and television, 
should be employed for spreading information where relevant. 
 
6.4. Brockton 
6.4.1 Case Study Location Background 
 Brockton is located in Plymouth County, MA, approximately 25 miles south of Boston 
(Figure 6.1). With a population of 93,810 people, Brockton is the 6th most populous city in 
Massachusetts (U.S. Census, 2010; The US50, 2012). Brockton was first settled in the 17th 
century and officially became a city in 1881 (Brockton MA, 2012). Brockton quickly became an 
industrial center for the shoe and textile industries and gained a reputation as the “Shoe City” 
(Brockton Ma, 2012). Brockton is home to the largest high school in New England and is 
adjacent to three academic institutions: Massasoit Community College, Bridgewater State 
University and Stonehill College.  
 
Figure 6.1: Map of Massachusetts- Brockton Location. Map base derived from Oliver, 
MassGIS Online Map Viewer (MassGIS, 2012). 
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 Brockton was chosen as a case study city with a large African American population and a 
high prevalence of lead exposure. The racial distribution of Brockton is displayed in Figure 6.2; 
over 30% of Brockton residents are African American. The Latino portion of Brockton’s 
population is 9.97% (Figure 6.3). Nearly 40% of Brockton residents live in rental housing 
(Figure 6.4). The median household income in Brockton is $49,913 and 14.6% of the population 





Figure 6.3: Latino Portion of Brockton 
Population. (U.S. Census, 2010). 
 
Figure 6.4: Owner and Renter Housing 
Occupancy Distribution of Brockton 
Population. (U.S. Census, 2010).
 
Of Brockton children aged 9 to 47 months tested for BLLs in 2007, 98.37% have BLLs 
below 10 µg/dL (BEH, 2009). From this age group, the distribution of BLLs from 0-10µg/dL is 
displayed in Figure 6.5 (MDPH, 2012). Notably, almost 15% of these children have no 
measurable lead in their blood. 
Figure 6.2: Racial 
Distribution of Brockton 
Population. AIAN is 
American Indian and 
Alaskan Native. NHPI is 
Native Hawaiian and Pacific 







Figure 6.5: BLL Distribution for 
Children Aged 9-47 Months in 
Brockton, 2007. (n=3,756)
6.4.2 Application of a Lead-Safe Dietary Intervention 
Brockton is the model location for a lead-safe dietary intervention for a high-risk black 
community in MA. As over 30% of Brockton’s population is black, such an intervention would 
be far-reaching in the community. To fully consider the social factors relevant to a community 
intervention for Brockton, the low-income population was mapped along with the location of 
local community resources in Figure 6.6. Rental housing density in Brockton is mapped in 
Figure 6.7. (Map data sources and methods are elaborated in Appendix K.) An inset map 
provides context for the spatial distribution of the black population in Brockton in both maps.   
These maps provide essential information for assessing the spatial distribution of the 
target population in Brockton. The low-income population roughly falls in the center of 
Brockton, with some low-income neighborhoods spread to the edges. Mapped using Census 
block groups, Figure 6.6 gives a clear indication that low income blocks tend to be isolated at the 
neighborhood level. In Brockton, rental housing concentrates in the same central swath identified 
in the income distribution map. The central area of interest is marked by a rectangle on both 
maps. 
Understanding the distribution of the risk population allows targeted mailings and media 
outreach efforts. In the context of the inset map of the black population distribution, it becomes 
evident that blocks with high proportions of blacks, low-income families and high rental housing 
rates do not perfectly align. However, it is within the central swath of Brockton appears to have 
the densest concentration of black, renters and low-income families. Together, these maps 
confirm that this center strip of Brockton will contain the largest at-risk population portion.  
The community resources are widely spread in Brockton, but follow distinct trends.  
Health care resources are concentrated in the northwest corner of the city, with one outlier to the 
east. Though schools are almost equally spread throughout the area, community centers and 
churches are distinctly concentrated in the center of the city.  
This spatial analysis of Brockton demonstrates that the target population is concentrated 
in the center swath of the city. The dense presence of churches and community centers in this 
region indicates that these institutions are strategic locations for disseminating intervention 
information to the target population.  
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6.4.2.1. Recommendations 
The lead-safe dietary recommendations for black Americans are discussed in Chapter 4 
and are copied in Table 6.2 for reference. The dietary intake recommendations for black 
Americans should be communicated to the relevant age groups in Brockton. For blacks in 
Brockton, protein, zinc, and Vitamins C and D will not be addressed in a dietary intervention. 
Notably, all age groups should increase calcium intake and decrease dietary fat intake. These 
central recommendations may serve as the foundation for all dietary education efforts for 
Brockton.  
 
Table 6.2: Recommended Dietary Interventions for Preventing Lead Poisoning for 
Black Americans. Compiled recommendations to increase intake (), decrease intake 
(), or maintain current intake () of the key dietary components for lead metabolism. 
These are based on the USDA’s “What We Eat in America” survey for the typical U.S. 
diet by age and ethnicity and on dietary recommendations for a lead-safe diet as 
outlined in Chapter 3. 
Dietary 
Component 








Calcium 200-1300 mg per 
day 
        
Iron 0.27- 27 mg per day         
Dietary Fat 33-93 g per day 
maximum (ideally, fat 
consumption should be 
minimized) 
        
Protein 13-56 g per day         
Zinc 2-13 mg per day         
Vitamin C 15-120 mg per day         
Vitamin D 10-20 µg per day         
Meal 
Frequency 
n/a         
 
Churches and community centers should serve as the centers for the intervention in 
Brockton. Bible study groups, church social hours and other church-associated organizations 
should be play a role in formulating tactics for communicating lead poisoning risk and 
facilitating dietary outreach in Brockton. Community centers should be used as meeting spaces 
for cooking classes and lead education sessions. To the greatest extent possible, community 
leaders from churches and community centers should be involved in the planning process from 
an early stage.  
Considering the distance of health care access from the center of Brockton, the lead-safe 
dietary intervention should organize discounted clinic days at local community centers so that 
periodic screening and health care consultations are locally accessible.   
Three food banks were identified in the Brockton area. Improving low-cost food access in 
the central swath should be a central focus of the dietary intervention. The involvement of food 
banks in the lead-safe dietary intervention should be a central component of the intervention 
strategy. Food banks should serve as centers for disseminating educational information and 
meal-planning advice to the low-income portion of Brockton’s community. Particular emphasis 
could be given to high-calcium, high-iron and low-fat foods via labeling or on-site displays. By 
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offering increased access to healthy foods, the presence of successful food banks can increase 
meal frequency for the at-risk population. 
As lead-safe dietary recommendations for black Americans differ by age group, age-
specific informational materials should be dispersed in the proper fora. For instance, 
neighborhood schools and daycare centers can adjust on-site food programs to accommodate the 
increased calcium and decreased dietary fat recommendations for black children between the 
ages of 2-11. School lunches should provide high-calcium, high-iron, low-fat foods and 
incorporate informative labeling so that students can learn about which foods contain their target 
dietary components. Additionally, health education courses could be encouraged to include lead-
poisoning education and dietary counseling components. 
Mailing and media outreach, including posters and billboards, should be focused on the 
center swath of Brockton. In this way, the at-risk population will be more likely to see 




6.5.1. Case Study Location Background 
 Gloucester is located on Cape Ann in Essex County (Figure 6.8). Gloucester has a 
population of 28,789 people. Since its European settlement in the mid-17th century, Gloucester 
has been a fishing community whose principal export was salted fish through the 18th century. 
Waves of immigrants, largely from Europe, spurred the development of some artisan industries 
in the 19th century, but fishing has always been the mainstay of Gloucester’s economy (Cape 
Ann Museum, 2010).   
 
Figure 6.8: Map of Massachusetts- Gloucester Location. Map base derived from Oliver, 
MassGIS Online Map Viewer (MassGIS, 2012). 
 
 Gloucester was chosen as a case study city with a large White population and a high 
prevalence of lead exposure. The racial distribution of Gloucester is displayed in Figure 6.9; over 
95% of the population is white. The Latino portion of Gloucester’s population is only 3% (Figure 
6.10). Nearly 32% of Gloucester residents live in rental housing (Figure 6.11). The median 
household income in Gloucester is $60,506 and 7.8% of the population lives below the federal 
poverty level (U.S. Census QuickFacts: Gloucester, 2010).
 
Figure 6.10: Latino Portion of 
Gloucester Population. (U.S. Census, 
2010). 
 
Figure 6.11: Owner and Renter 
Housing Occupancy Distribution 
of Gloucester Population. (U.S. 
Census, 2010). 
 
Of Gloucester children aged 9 to 47 months tested for BLLs in 2007, 98.66% have BLLs 
below 10 µg/dL (BEH, 2009). From this age group, the distribution of BLLs from 0-10 µg/dL is 







Figure 6.12: BLL Distribution for 
Children Aged 9-47 Months in 
Gloucester, 2007. (n= 793).
 
Figure 6.9: Racial 
Distribution of Gloucester 
Population. AIAN is 
American Indian and Alaskan 
Native. NHPI is Native 
Hawaiian and Pacific Islander. 
(U.S. Census, 2010).  
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6.5.2 Application of a Lead-Safe Dietary Intervention 
Gloucester is the model location for a lead-safe dietary intervention for a high-risk white 
community in MA. While predominantly white communities tend to have lower rates of lead 
exposure, Gloucester is an exception to the typical racial patterns of lead poisoning. To fully 
consider the social factors of lead poisoning relevant to community intervention for Gloucester, 
the low-income population was mapped along with the location of local community resources in 
Figure 6.13. (Map data sources and methods are elaborated in Appendix K.) An inset map 
provides context for the spatial distribution of the white population in Gloucester.   
 The low-income population is distinctly centered in the map of Gloucester. A map of 
rental housing distribution in Gloucester shows that rental housing is also dense in this central 
area (Figure 6.14). From these two maps, we can conclude that the target, high-risk population is 
in the center of Gloucester. This region is circled on both maps. 
While Gloucester has a very large white population, it is noteworthy that this central 
high-risk area has the lowest density of white people. The risk-center ranges from 87% to 95% 
white, while the majority of the surrounding land area is 100% white. As these population 
proportions are so largely white, our dietary recommendation will focus on communicating the 
white ethnicity-specific dietary intervention information.  
The majority of community resources are located within this same central area, including 
two hospitals, five community centers, five churches, three daycares and three schools. The 
density of local resources in the central risk area will serve as an asset to the at-risk community 
as facilitators of intervention tactics.  
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6.5.2.1. Recommendations 
The lead-safe dietary recommendations for white Americans are discussed in Chapter 4 
and are copied in Table 6.3 for reference. Dietary intake recommendations should be targeted to 
the relevant age groups in Gloucester. Protein and zinc intake are sufficient for white Americans, 
so these dietary components should not be a focus of dietary interventions in Gloucester. For all 
age groups, a reduction in dietary fat intake should be a focus of education efforts. There is a 
broad range in age group recommendations for calcium, iron, Vitamin C and zinc, so age-
specific informational efforts should account for these specific differences.  
 
Table 6.3: Recommended Dietary Interventions for Preventing Lead Poisoning for 
White Americans. Compiled recommendations to increase intake (), decrease intake 
(), or maintain current intake () of the key dietary components for lead metabolism. 
These are based on the USDA’s “What We Eat in America” survey for the typical U.S. 
diet by age and ethnicity and on dietary recommendations for a lead-safe diet as 
outlined in Chapter 3. 
Dietary 
Component 








Calcium 200-1300 mg per 
day 
        
Iron 0.27- 27 mg per 
day 
        
Dietary Fat 33-93 g per day 
maximum (ideally, fat 
consumption should be 
minimized) 
        
Protein 13-56 g per day         
Zinc 2-13 mg per day         
Vitamin C 15-120 mg per day         
Vitamin D 10-20 µg per day         
Meal 
Frequency 
n/a         
 
The lead-safe dietary intervention for Gloucester should focus on the center of town, which is 
conveniently the location of most of the community resources.  
As there are two hospitals in the vicinity, health care services are easily accessible to 
residents. However, lead screening and professional consultations for lead safety should be well 
advertised and offered at discounted rates.  
 Gloucester’s small population could be used to the advantage of a community dietary 
intervention. The benefits of a small town social structure in promoting person-to-person 
communication should be a central tool in communicating dietary recommendations.  
 The churches and community centers in this central area should be used as centerpieces 
of the intervention efforts. Church groups and associated organizations should be invited to 
participate in education efforts. Similarly, community center members and organizations should 
be involved in the development of localized strategies for outreach. These same community 
institutions should host educational events and workshops for communicating lead exposure 
education and dietary intervention tactics.  
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 There is one food bank in Gloucester, and it is located within the center of the target 
region. The food bank should be involved in promoting dietary recommendations for lead safety 
and should be used as an access point for education efforts. Particular emphasis could be given to 
high-calcium, high-iron, high-Vitamin C and low-fat foods by labeling or through on-site 
displays. By increasing access to healthy foods, a successful food bank can increase meal 
frequency in Gloucester. 
 The high density of daycares in this area should be utilized as a tool for communicating 
dietary recommendations to the 2 to 5 year age group. In particular, increased iron intake and 
decreased fat intake should be emphasized through parental counseling and on-site snack 
selections. Similarly, local schools should be informed of the dietary recommendations for 6 to 
19 year olds. School lunches could incorporate informative labeling so that students can learn 
about which foods contain their target dietary components. Additionally, health education 
courses could be encouraged to include lead-poisoning education and dietary counseling 
components.  
 Media outreach, in the forms of mailings, posters and billboards should be focused on the 
center of Gloucester. By focusing promotional materials in the geographic center of the at-risk 
population, the target audience will be more likely to receive intervention messages.  
 
 
6.6. Springfield  
6.6.1. Case Study Location Background 
 Springfield is located in Hampden County (Figure 6.15) and is the third most populous 
city in Massachusetts, with a population of 153,060 people (U.S. Census, 2010; The US50, 
2012). Springfield was settled in 1636 for its location at the junction of the Agawam and 
Connecticut rivers, making it an ideal spot for a trading post (Springfield MA History, 2008). 
Springfield’s rivers went on to spur the rise of industry and maintained Springfield’s role as a 
major transport center in New England through the 19th century (Springfield MA History, 2008). 
Today, Springfield is the regional center for banking, finance and courts (Springfield Ma 
History, 2008). There are thirteen colleges and universities within and around the city of 
Springfield (Springfield MA, 2011).  
 
Figure 6.15: Map of Massachusetts- Springfield Location. Map base derived from 
Oliver, MassGIS Online Map Viewer (MassGIS, 2012). 
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Springfield was chosen as a case study city with a large Latino population and a high 
prevalence of lead exposure. The racial distribution of Springfield is displayed in Figure 6.16. 
Nearly 40% of the population is Latino (Figure 6.17). Almost 50% of the population lives in 
rental housing (Figure 6.18). The median household income in Springfield is $34,628 and 27.6% 
of the population lives below the federal poverty level (U.S. Census QuickFacts: Springfield, 
2010).
 
Figure 6.16: Racial Distribution of Springfield Population. AIAN is American Indian 
and Alaskan Native. NHPI is Native Hawaiian and Pacific Islander. (U.S. Census, 2010).  
 
Figure 6.17: Latino Portion of Springfield 
Population. (U.S. Census, 2010). 
 
Figure 6.18: Owner and Renter Housing 
Occupancy Distribution of Springfield 
Population. (U.S. Census, 2010).
 
Of Springfield children aged 9 to 47 months tested for BLLs in 2007, 98.02% have BLLs 
below 10 µg/dL (BEH, 2009). From this age group, the distribution of BLLs from 0-10µg/dL is 







Figure 6.19: BLL Distribution for 
Children Aged 9-47 Months in 
Springfield, 2007. (n=5,684)
6.6.2 Application of a Lead-Safe Dietary Intervention 
Springfield is the model location for a lead-safe dietary intervention for a high-risk 
Hispanic community in MA. To fully consider the social factors for lead poisoning relevant to 
community intervention for Springfield, the low-income population is mapped along with the 
locations of local community resources in Figure 6.20. Rental housing density in Springfield is 
mapped in Figure 6.21. (Map data sources and methods are elaborated in Appendix K.) An inset 
map provides context for the spatial distribution of the Hispanic population in Springfield in both 
maps.   
 The low income, Hispanic and renter populations of Springfield all cluster along the 
western border of town. The block with the lowest income, denoted by the darkest Census block 
on figure 6.20, has a very low Hispanic population. With this exception, the at-risk Hispanic 
population is located in the blocks clustering along the western border of town. This risk 
population area is signified by a rectangle on both maps. 
 A river that separates Springfield from West Springfield defines the western border of 
town. As shown in Chapter 5, West Springfield has the highest percent of children with BLLs 
from 5-10 µg/dL of all MA communities. This high-risk community is adjacent to the high-risk 
area of Springfield, emphasizing the high lead risk along the western edge of Springfield.  
 Community resources are evenly distributed throughout Springfield. Within the western 
portion of the city, there is a notable density of hospitals and health care clinics. Additionally, 
there are a few churches, community centers, daycares and schools.  
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6.6.2.1. Recommendations 
The lead-safe dietary recommendations for Hispanic Americans are discussed in Chapter 
4 and are copied in Table 6.4 for reference. The dietary intake recommendations should be 
targeted to the relevant age groups in Springfield. For Springfield, dietary recommendations 
should not focus on protein or zinc intake. All age groups should decrease dietary fat intake and 
increase meal frequency. Calcium, iron and Vitamin C recommendations vary by age.  
 
Table 6.4: Recommended Dietary Interventions for Preventing Lead Poisoning for 
Hispanic Americans. Compiled recommendations to increase intake (), decrease 
intake (), or maintain current intake () of the key dietary components for lead 
metabolism. These are based on the USDA’s “What We Eat in America” survey for the 
typical U.S. diet by age and ethnicity and on dietary recommendations for a lead-safe 
diet as outlined in Chapter 3. 
Dietary 
Component 








Calcium 200-1300 mg per 
day 
        
Iron 0.27- 27 mg per 
day 
        
Dietary Fat 33-93 g per day 
maximum (ideally, fat 
consumption should be 
minimized) 
        
Protein 13-56 g per day         
Zinc 2-13 mg per day         
Vitamin C 15-120 mg per day         
Vitamin D 10-20 µg per day         
Meal 
Frequency 
n/a         
 
 As the Hispanic population in Springfield is the target of this dietary intervention, 
education materials and classes should be offered in both English and Spanish in order to reach a 
broader portion of the community. If there is a large Brazilian community in the area, Portuguese 
should also be used in intervention efforts.  
The density of hospitals in the target region of Springfield should be utilized as a central 
resource base for a lead-safe dietary intervention in the city. Lead screenings and health care 
consultations for lead risk and safety should be well advertised and publicly available for a 
discounted rate. Hospitals should also be invited to participate in community intervention 
planning and implementation. 
 There is one food bank in Springfield, and it is located in the focus area along the western 
border of town. The food bank should be incorporated into dietary outreach efforts by 
distributing dietary education materials to its visitors and promoting culinary education events. 
Particular emphasis could be given to high-calcium, high-iron, high-Vitamin C and low-fat foods 
by labeling or through on-site displays. By offering increased access to healthy foods, the 
presence of a successful food bank can increase meal frequency for the at-risk population.  
Churches and community centers should be centers of education and outreach efforts as 
well as locations for events and education sessions. Leaders from these institutions should be 
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invited to participate in intervention planning from an early stage and should be encouraged to 
spread word of lead-safety efforts to their neighbors.  
Schools and daycares should become vectors for communicating child-specific dietary 
recommendations. Daycares should be encouraged to provide regular, low-fat snacks to children 
during the day. Elementary and middle schools should increase calcium and limit dietary fat in 
school-provided food, while high schools should emphasize high-calcium, high-iron, low-fat 
foods. School lunches could incorporate informative labeling so that students can learn about 
which foods contain their target dietary components. Additionally, health education courses 
could be encouraged to include lead-poisoning education and dietary counseling components.  
 Media outreach should be targeted at the high-risk neighborhoods along the western 
border of Springfield. Mailings, posters and billboards can spread information about lead safety 
and promote local education efforts and food events. 
 
6.7. The Merits of Localized Interventions 
 Population-specific dietary interventions for lead safety should contain many of the same 
elements, as demonstrated by the body of literature on community dietary interventions. Yet, 
incorporating a basic analysis of the target community will maximize the efficacy of localized 
interventions. A simple demographic and spatial analysis of the target community creates 
geographic specificity for the target population, so that intervention efforts can be focused for 
those it intends to reach. Additionally, preliminary investigations can identify community allies 
and resources along with shortcomings in the local environment.  
For the three model communities dietary intervention strategies were vastly different (see 
Table 6.5). Basic demographic and spatial investigations provided useful information about 
population dynamics and local resources in these areas that would serve as the foundation of a 
intervention design. Importantly, all three of these case studies identified localized regions within 
the communities where the at-risk population is centered. By overlaying population data with 
local resources, this study established a profile of local resource access for the target population. 
The geographic specificity allowed by this analysis can drastically improve resource efficacy and 
therefore the overall success of a dietary intervention. Notably, these spatial analyses can be 
completed using free online tools (see Appendix K).  
Brockton’s target population was within a central swath of the city, which was 
characterized by a dense collection of churches, community centers and food banks. However, 
Brockton’s high-risk population was not located near any health care facilities, so a Brockton’s 
intervention should emphasize improving access to lead screenings and professional medical 
attention.  
The center of Gloucester contained the target population and the majority of relevant 
community resources, making access to these facilities easy and local. The relatively small 
population in Gloucester should be used to the advantage of an intervention effort, which should 
incorporate existing local communication pathways and community leaders. 
 Springfield’s target population was localized in the same vicinity of dense health care 
resources. The neighboring healthcare facilities should, therefore, be targeted in an intervention 
for Springfield. Additionally, community centers and churches are prominent in the area. 
Furthermore, an intervention for the Hispanic population in Springfield should be conducted in 
both English and Spanish (and possibly Portuguese) to assure that it is understood by the risk 
population.  
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 The basic differences in intervention strategies between these three MA communities 
highlight the need for hyper-localized dietary intervention strategies for lead poisoning 
prevention. This model of community involvement and localized intervention design, rather than 
the use of generic print materials, will surely improve participation rates, lead education and 
overall success of lead poisoning prevention efforts for at-risk populations. That this analysis 
was completed using free and publicly available resources makes this an accessible and 
transferable model for developing localized and population-specific interventions for lead 
poisoning prevention.  
 
Table 6.5: Comparing Lead Risk, Intervention Strategies and Lead-Safe Diet Application 
in Brockton, Gloucester and Springfield. 
 
 Brockton Gloucester Springfield 
Lead Risk   
Target Population Black White Hispanic 
% BLL 0 µg/dL 14.70% 0.88% 0.90% 
% BLL 5-10 µg/dL 18.64% 17.02% 23.98% 
Intervention Strategies  
Target Region of City Center  Center Western Edge 
















Local Intervention Tactics Lead Clinic Days at 
Community Centers 
Word of Mouth 
Communications 
Health Care Focus, 
Multiple Languages 
Lead-Safe Diet Application  
Common Dietary Targets  Calcium 
 Dietary Fat 
 Protein, Zinc, 
Vitamin C, Vitamin D 
 Dietary Fat 
 Zinc and Protein 
 Meal Frequency 
 Dietary Fat 





2-5 years -  Iron - 
6-11 years  Meal Frequency 
 
 Calcium  Calcium 
 
12-19 years  Iron, Meal 
Frequency 
 Calcium, Iron, 
Vitamin C, Meal 
Frequency 
 Calcium, Iron, 
Vitamin C 
20+ years  Iron, Meal 
Frequency 
 Calcium, Iron, 
Vitamin C, Meal 
Frequency 






The last portion of an environmental problem is always the hardest to rectify. Widespread 
use of lead in consumer products like paint and gasoline has dispersed the toxin throughout our 
environment. Though we have made impressive progress in reducing lead exposure in the United 
States, lead poisoning remains a threat, particularly to the health of developing children. Today, 
certain underserved populations are most likely to experience lead exposure. We know that this 
is a product of socio-economic inequity in this nation. Now more than ever, lead poisoning 
prevention efforts should focus on those most at risk for exposure. The chronic, low-level lead 
exposure paradigm requires a new way of thinking about lead poisoning prevention.  
This work presents a model for the design and implementation of population-specific 
interventions for lead poisoning. As lead poisoning risk is determined by local conditions and 
economic landscapes in individual communities, this population-specific intervention approach 
will more effectively reach those at risk for lead poisoning. This study used free and publicly 
accessible data sources to design localized health interventions. Local public health and 
community advocacy organizations should utilize this design in the development of localized 
interventions for their communities.  
Importantly, this study identifies significant differences in the requirements of 
community health interventions according to local conditions and the nature of the target 
population. Efforts to promote a lead-safe diet in any community should be built on a basic 
demographic and spatial analysis of community dynamics and resources, as described by this 
study. In this way, community-specific intervention efforts will more effectively reach their 
target populations.  
The adoption of a lead-safe diet presents a promising solution for limiting lead 
metabolism and thereby preventing lead poisoning. By following the recommended dietary 
patterns outlined by this study, at-risk populations may limit the toxicity of the low-level lead in 
their environments. Of course, simply changing dietary behaviors will not eliminate the threat of 
lead poisoning for people living in a contaminated environment. Rather, a lead-safe diet offers an 
approach to mitigate the consequences of low-level lead exposure.  
Lead poisoning remains a developmental threat to children in the United States. The past 
forty years have seen drastic improvements in the state and extent of this problem in the 
American population. Yet, deep-rooted socio-economic inequities continue to dictate risk 
patterns for lead poisoning in this nation. While a lead-safe diet offers a promising tool for lead 
poisoning prevention, we must continue to fight for environmental and socio-economic justice in 
this country. Equal access to a healthy and clean environment should be the ultimate aspiration.  
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Appendix A: Calcium Content of Select Common Foods 
 
Food Serving Size Calcium Content (mg) 
Whole Grain Cereal, enriched ~1 cup 1000 
Sweetened Condensed Milk 1 cup 869 
Ricotta Cheese 1 cup 509 
Cornmeal, yellow enriched 1 cup 483 
Milk Shake, vanilla 11 fluid oz 457 
Yogurt, non-fat plain 8 oz 452 
Wheat Flour, white enriched 1 cup 423 
Yogurt, low-fat plain 8 oz 415 
Collard Greens, frozen 1 cup 357 
Rhubarb 1 cup 348 
Baking Powder 1 tsp 339 
Sardine, with bone 3 oz 325 
Enchilada with cheese 1 enchilada 324 
Macaroni and Cheese 1 package frozen entrée 323 
Cheeseburger, double fast-food 1 sandwich 306 
Milk, 1% milkfat 1 cup 305 
Milk, skim 1 cup 299 
Cheese, American 1 oz 296 
Milk, 2% milkfat 1 cup 293 
Spinach, frozen 1 cup 291 
Milk, low fat chocolate 1 cup 290 
Milk, buttermilk 1 cup 284 
Rice Milk 8 fluid oz 283 
Milk, instant dry 1/3 cup 283 
Yogurt, whole fat plain 8 oz 275 
Baking Powder 1 tsp 270 
Collard Greens, fresh 1 cup 266 
Soybeans, green 1 cup 261 
Turnip Greens, frozen 1 cup 245 
Spinach, fresh 1 cup 245 
Biscuits 4 inch biscuit 237 
Taco, fast food with cheese 1 large 234 
Farina Cereals 1 cup 232 
Cheese, swiss 1 oz 224 
Cheese, provolone 1 oz 214 
Black-eyed Peas 1 cup 211 
Cheese, part-skim mozzarella 1 oz 207 
Cheese, cottage 2% milk fat 1 cup 203 
Cheese, cheddar 1 oz 204 
Turnip Greens, fresh 1 cup 197 
Beans, white 1 cup 191 
Sub Sandwich, fast food cold cuts 6 inch sandwich 189 
Fish Sandwich, fast food  1 sandwich 185 
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Salmon, canned 3 oz 183 
Kale, frozen 1 cup 179 
Beet Greens, fresh 1 cup 164 
Tofu, firm ¼ block 163 
Pepperoni Pizza, fast food 1 slice 162 
Cornbread, made with milk 1 piece 162 
Pudding, made with milk ½ cup 159 
Cabbage, Chinese (pak-choi) 1 cup 158 
Beans, baked with pork sauce 1 cup 149 
Oats, instant 1 packet 142 
Cheese, feta 1 oz 140 
Okra, frozen 1 cup 136 
Tofu, soft 1 piece 133 
Rice, white long-grain 1 cup 131 
Beans, navy 1 cup 126 
Shrimp, canned 3 oz 123 
Okra, fresh 1 cup 123 
Blue Crab, canned 1 cup 123 
Beans, great northern 1 cup 120 
Bread, white 1 cup 117 
Burrito, fast food bean cheese 1 burrito 115 
Pizza, plain frozen 1 serving 113 
Burrito, fast food bean beef 1 burrito 104 
Mustard Greens, fresh 1 cup 104 
Salad, fast food cheese egg 1 ½ cups 100 
Lettuce, iceberg 1 head 97 
Peas, frozen 1 cup 94 
Tomato, canned paste 1 cup 94 
Kale, fresh 1 cup 94 
Frybread, with lard (Navajo) 10 ½ inch bread 91 
Ice Cream, vanilla ½ cup 87 
Beans, garbanzo canned 1 cup 84 
Lobster 3 oz 82 
Rutabagas, fresh 1 cup 82 
Bagel, plain 4 inch bagel 79 
Beans, pinto 1 cup 79 
Almonds 1 oz 75 
Tomato, canned 1 cup 74 
Cabbage, fresh 1 cup 72 
Onions, scallions 1cup 72 
Orange 1 cup 72 
Dates 1 cup 68 
Orange Juice, frozen concentrate 6 fluid oz 68 
Pasta Sauce, marinara 1 cup 68 
Beans, snap frozen 1 cup 66 
French Toast, made with 2% milk 1 slice 64 
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Tahini, sesame butter 1 tbsp 64 
Broccoli, fresh 1 cup 62 
Soymilk, unfortified 1 cup 61 
Fish, pollock 3 oz 61 
Papaya, fresh 1 papaya 61 
Broccoli, frozen 1 cup 61 
Barley 1 cup 58 
Parsnips, fresh 1 cup 58 
Shrimp, fried 3 oz 57 
Brussels Sprouts, fresh 1 cup 57 
Sweet Potato, canned 1 cup 56 
Cheese, parmesan 1 tbsp 55 
Clams, canned 3 oz 55 
Bread, white pita 6 ½ inch pita 52 
Turnips, fresh 1 cup 51 
Carrots, frozen 1 cup 51 
Beans, lima  1 cup 51 
Potatoes, mashed with whole milk 1 cup 50 
Beans, kidney 1 cup 50 
Tortilla Chips, white corn 1 oz 49 
Bulgur, dry 1 cup 49 
Squash, summer 1 cup 49 
Bologna 2 slices 48 
Cucumber, raw 1 large 48 
Prunes 1 cup 46 
Beans, black 1 cup 46 
Squash, butternut 1 cup 45 
Pork Chop, bone in 3 oz 43 
Sweet Potato, fresh no skin 1 potato 42 
Blackberries, fresh 1 cup 42 
Couscous, dry 1 cup 42 
Broccoli, raw 1 cup 41 
Wheat Flour, whole grain 1 cup 41 
Egg, scrambled 1 large 40 
Pork, spareribs 3 oz 40 
Miso 1 cup 39 
Scallop, fried 6 large 39 
Cabbage, Chinese (pe-tsai) 1 cup 38 
Bread, wheat 1 slice 38 
Lentils 1 cup 38 
Fish, catfish fried 3 oz 37 
Onion, raw 1 cup 37 
Carrot, raw 1 cup 36 
Pineapple, canned 1 cup 36 
Turkey 1 cup 35 
Fish, tuna salad 1 cup 35 
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Sweet Potato, canned 1 cup 33 
Nuts, mixed 1 oz 33 
Granola, with raisins ½ cup 33 
Egg, whole raw 1 extra large 32 
Asparagus, frozen 1 cup 32 
Cabbage, red raw 1 cup 32 
Leeks 1 cup 31 
Tangerine 1 tangerine 31 
Raspberries, raw 1 cup 31 
Prune Juice, canned 1 cup 31 
Cauliflower, frozen 1 cup 31 
Potato, baked with skin 1 potato 30 
Apricots, canned 1 cup 29 
Pork, loin 3 oz 29 
Granola bar, raisin 1 bar 29 
Beef Stew, canned 1 cup 28 
Grape Juice 1 cup 28 
Beets, fresh 1 cup 27 
Grapefruit, raw ½ grapefruit 27 
Bread, multi-grain 1 slice 27 
Strawberries, raw 1 cup 27 
Chicken Noodle Soup, canned 1 cup 26 
Kiwi Fruit 1 medium 26 
Beef, ground 3 oz 26 
Oregano, dried 1 tsp 24 
Mango, raw 1 mango 23 
Sunflower Seeds ¼ cup 22 
Lamb, shoulder 3 oz 22 
Cauliflower, raw 1 cup 22 
French Fries 1 large 22 
Tortilla, corn 1 tortilla 21 
Maple Syrup 1 tbsp 20 
Pineapple raw 1 cup 20 
Watermelon, raw 1 wedge 20 
Fruit Punch Drink, canned 8 fluid oz 20 
Rice, brown long-grain 1 cup 20 
Olives, canned 5 large 19 
Noodles, egg 1 cup 19 
Hearts of Palm, canned 1 piece  19 
 
Source: USDA Agricultural Research Service: Nutrient Data, SR24 Reports by Single Nutrients: 
“Calcium, Sorted by Nutrient Content,” Release 24. 
<http://www.ars.usda.gov/Services/docs.htm?docid=22114> Accessed 9 November 2011. 
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Appendix B: Iron Content of Select Common Foods 
 
Food Serving Size Iron Content (mg) 
Cereal, whole grain 1 cup 18  
Turkey 1 cup 11 
Chicken 1 cup 10 
Wheat flour 1 cup 10 
Soybeans 1 cup 9 
Beans, baked with pork 1 cup 8 
Rice, long grain 1 cup 8 
Beans, white 1 cup 8 
Tomato paste 1 cup 8 
Lentils 1 cup 7 
Cornmeal, enriched 1 cup 7 
Frybread, with lard (Navajo) 10 ½ inch bread 6 
Spinach, fresh 1 cup 6 
Sausage, pork liver 2 slices 6 
Corndog 1 corn dog 6 
Duck ½ duck 6 
Oysters, fried 3 oz 6 
Bread crumbs 1 cup 6 
Hamburger, fast food 1 sandwich 6 
Beef stew, canned 1 cup 6 
Bagel, plain 4 inch bagel 5 
Chocolate, semisweet 1 cup 5 
Beef liver 3 oz 5 
Pie crust, graham cracker 1 pie shell 5 
Artichoke, Jerusalem 1 cup 5 
Oat Bran 1 cup 5 
Barley, pearled 1 cup 5 
Spinach, canned 1 cup 5 
Chickpeas 1 cup 5 
Chicken sandwich, fast food 1 sandwich 5 
Chimichanga, beef 1 chimichanga 5 
Beans, lima 1 cup 4 
Beans, navy 1 cup 4 
Potatoes, baked with skin 1 skin 4 
Peas, frozen 1 cup 4 
Malted nutrient drink mix 1 cup 4 
Spaghetti, meat sauce, frozen 1 package 4 
Sauerkraut 1 cup 3 
Bulgur 1 cup 3 
Pumpkin, canned 1 cup 3 
Tomatoes, ripe stewed 1 cup 3 
Cherries, canned 1 cup 3 
Hot dog, chili, fast food 1 sandwich  3 
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Turnip greens, frozen 1 cup 3 
Graham crackers 1 cup 3 
Taco, beef, fast food 1 large 3 
Beef, chuck 3 oz 3 
Beets, canned 1 cup 3 
Clams, fried ¾ cup 3 
Prune juice, canned 1 cup 3 
Biscuits 4 inch biscuit 3 
Beet greens 1 cup 3 
Raisins 1 cup 3 
Mushrooms, cooked 1 cup 3 
Pizza, pepperoni, fast food 1 slice 3 
Pancakes, butter and syrup 2 pancakes 3 
Sardine, canned in oil 3 oz 2 
Beef, steak 3 oz 2 
Tapioca 1 cup 2 
Chicken pot pie, frozen 1 small pie 2 
Noodles, egg 1 cup 2 
French fries, fast food 1 large  2 
Lamb, shoulder 3 oz 2 
Seeds, pumpkin/squash 1 oz 2 
Waffles, frozen 1 waffle 2 
Chicken, liver 1 liver 2 
Clam, canned 3 oz 2 
Sweet potato, canned 1 cup 2 
Macaroni and cheese, canned 1 cup 2 
Donut, glazed 1 medium 2 
Frijoles, with cheese 1 cup 2 
Beef, ground 85% lean 3 oz 2 
Burrito, beans and beef 1 burrito 2 
Burrito, beans and cheese 1 burrito 2 
Collards, fresh 1 cup 2 
Plums, canned 1 cup 2 
Gingerbread, cake 1 cup 2 
Noodles, Chinese 1 cup 2 
Cookies, molasses 1 large 2 
Tuna fish, salad 1 cup 2 
Lamb, shoulder 3 oz 2 
Toaster pastry 1 pastry 2 
Pumpkin pie 1 piece 2 
Marinara sauce 1 cup 2 
Fish fillet, fried 1 fillet 2 
Collards, frozen 1 cup 2 
Brussels sprouts 1 cup 2 
Dandelion greens, fresh 1 cup 2 
Couscous 1 cup 2 
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Dates 1 cup 2 
Cabbage, Chinese  1 cup 2 
Cashew nuts 1 cup 2 
Miso 1 cup 2 
Raspberries, frozen 1 cup 2 
Cornbread  1 piece 2 
White bread 1 cup 2 
Soup, chicken noodle, canned 1 cup 2 
Peaches, dried 3 halves 2 
Pork, spareribs 3 oz 2 
Pita bread, white 6 ½ inch pita 2 
Soymilk, unfortified 1 cup 2 
Pine nuts 1 cup 2 
Strawberries, frozen 1 cup 2 
Vegetables, mixed, frozen 1 cup 1 
Onions, raw 1 cup 1 
Pizza, cheese, frozen 1 serving  1 
Squash, frozen 1 cup 1 
Tahini 1 tsp 1 
Tofu, soft 1 piece 1 
Enchilada, cheese, fast food 1 enchilada 1 
Tofu, firm ¼ block 1 
Kale, frozen 1 cup 1 
Waterchestnuts 1 cup 1 
Catfish, fried 3 oz 1 
Leeks 1 cup 1 
Pork, loin 3 oz 1 
Broccoli, frozen 1 cup 1 
Coconut meat, raw 1 piece 1 
Cheese, ricotta 1 cup 1 
Sunflower seeds 1 oz 1 
Plantains, raw 1 cup 1 
Shrimp, fried 3 oz 1 
Almonds 1 oz 1 
Hearts of palm, canned 1 piece 1 
Prunes (dried plums) 1 cup 1 
Egg 1 extra large  1 
Asparagus, frozen 1 cup 1 
Sweet potato, baked in skin 1 potato 1 
 
Source: USDA Agricultural Research Service: Nutrient Data, SR24 Reports by Single Nutrients: 
“Iron Content of Selected Foods per Common Measure,” Release 24. 
<http://www.ars.usda.gov/Services/docs.htm?docid=22114> Accessed 23 November 2011. 
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Appendix C: Dietary Fat Content of Select Common Foods 
 
Food Common Measure  Content per Measure (g) 
Pie crust 1 pie shell 62.28 
White chocolate candies 1 cup 54.55 
Semisweet chocolate candies 1 cup 50.40 
Trail mix, chocolate, nuts, seeds 1 cup 46.57 
Biscuit, fast food, egg and cheese 1 biscuit 37.39 
Cheese sauce 1 cup 36.26 
Taco, fast food, beef 1 large 33.40 
Coconut meat, dried 1 cup 22.01 
Hamburger, fast food, double 1 sandwich 32.47 
Ricotta cheese 1 cup 31.93 
Fried shrimp 6-8 shrimp 31.00 
Cheeseburger, fast food, with bacon 1 sandwich  30.93 
Chicken sandwich, fast food 1 sandwich  30.93 
Fish sandwich, fast food 1 sandwich 28.60 
Tuna salad sub 1 sandwich, 6” roll 27.98 
French fries, fast food 1 large 27.24 
Pecan pie 1 piece 27.08 
Sweetened condensed milk 1 cup 26.97 
Fried clams, fast food ¾ cup 26.40 
Pork spareribs 3 oz 25.76 
Lamb rib 3 oz 25.35 
French toast sticks, fast food 5 sticks 25.01 
Beef rib 3 oz 23.89 
Chicken pot pie, frozen entrée 1 small pie 23.50 
Cherry pie 1 slice 21.96 
Chocolate crème pie 1 slice 21.92 
French fries, fast food 1 medium 21.60 
Macadamia nuts 1 oz (10-12 nuts) 21.57 
Potato salad 1 cup 20.61 
Pecans 1 oz (20 halves) 20.40 
Lamb shoulder 3 oz 20.40 
Fried chicken, fast food 6 pieces 19.95 
Chimichanga, fast food, beef 1 chimichanga 19.68 
Lamb loin 3 oz 19.62 
Frybread (Navajo) 10½ oz bread 19.55 
Hash brown potatoes 1 cup 19.53 
Pine nuts 1 oz 19.38 
Apple pie 1 slice 19.38 
Evaporated milk 1 cup 19.05 
Tuna salad 1 cup 18.98 
Nachos, fast food 6-8 nachos 18.95 
Enchilada, fast food 1 enchilada 19.84 
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Brazil nuts 1 oz (6-8 nuts) 18.83 
Cold cut sub 1 sandwich, 6” roll 18.63 
Potatoes au gratin 1 cup 18.60 
Walnuts 1 cup 18.60 
Macaroni and cheese 1 package 18.14 
Cheesecake 1 slice 18.00 
Hazelnuts 1 oz 17.22 
Turkey 1 cup 17.20 
Baked beans 1 cup 17.02 
Biscuits 4” biscuit 16.46 
Mr. Goodbar, candy 1 bar (1.75 oz) 16.27 
Onion rings 10 rings 16.02 
Sunflower seeds ¼ cup 15.95 
Ground beef 3 oz 15.91 
Danish pastry 1 danish 15.55 
Soybeans 1 cup 15.43 
Herring, pickled 3 oz 15.31 
Pork loin 3 oz 15.05 
Ham 3 oz 14.95 
Peanuts 1 oz 14.88 
Salami 2 slices  14.69 
Coffeecake 1 piece 14.68 
Hot dog, fast food 1 sandwich  14.54 
Chocolate cake without frosting 1 piece 14.35 
Almonds 1 oz (24 nuts) 14.01 
Canola oil 1 tbsp 14.00 
Bologna 1 piece 13.92 
Pumpkin or squash seeds 1 oz (142 seeds) 13.91 
Reese’s peanut butter cup, candy 1 package (2 pieces) 13.74 
Sesame oil 1 tbsp 13.60 
Safflower oil, high oleic 1 tbsp 13.60 
Soybean oil 1 tbsp 13.60 
Corn oil 1 tbsp 13.60 
Cashew nuts 1 oz (18 nuts) 13.54 
Peanut oil 1 tbsp 13.50 
Olive oil 1 tbsp 13.50 
Milk chocolate, candy 1 bar (1.55 oz) 13.05 
Lard 1 tbsp 12.80 
Shortening 1 tbsp 12.80 
Pistachio nuts 1 oz (47 nuts) 12.71 
Pepperoni pizza 1 slice 12.62 
Chocolate milk shake, fast food 16 fl oz 12.32 
Pork shoulder 3 oz 12.10 
Ice cream, vanilla ½ cup 11.99 
Butter 1 tbsp 11.52 
Cream of chicken soup 1 cup 11.46 
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Margarine 1 tbsp 11.41 
Catfish, fried 3 oz 11.33 
Potato pancake 1 pancake 11.22 
Muffin 1 muffin 10.97 
Mayonnaise 1 tbsp 10.96 
Potato chips 1 oz 10.89 
Oyster, fried 3 oz 10.69 
Eggnog 1 cup 10.64 
Waffles 1 waffle  10.58 
Cheese puffs 1 oz  10.52 
Shrimp, fried 3 oz 10.44 
Salmon ½ fillet 10.37 
Scallop, fried 6 large 10.17 
Beef, steak 3 oz 10.09 
Clam chowder soup 1 cup 10.01 
Cinnamon sweet roll 1 roll 9.84 
Sardine, canned in oil 3 oz 9.76 
Sausage, pork and beef 2 links 9.43 
Cheddar cheese 1 oz 9.40 
Brownies 1 brownie 9.13 
Cottage cheese 1 cup 9.03 
Mashed potato 1 cup 8.82 
Granola bar 1 bar 8.82 
Burrito, beef and bean 1 burrito  8.63 
Chocolate milk 1 cup 8.48 
Swordfish 1 piece 8.41 
Tahini, sesame paste 1 tbsp 8.06 
Peanut butter 1 tbsp 8.06 
Salad dressing 1 tbsp 7.82 
Yogurt, plain whole milk 8 oz 7.38 
Tuna, canned in oil 3 oz 6.98 
Egg 1 large 6.83 
Tortilla chips 1 oz 6.62 
Oat bran 1 cup 6.61 
Mozzarella cheese 1 oz 6.53 
Banana bread 1 slice 6.30 
Feta cheese 1 oz 6.03 
Cornbread 1 piece 6.00 
Chocolate chip cookie 1 cookie 5.88 
Toaster pastry 1 pastry 5.49 
Chicken soup, canned 1 cup 4.82 
Chick peas 1 cup 4.68 
 
Source: USDA Agricultural Research Service: Nutrient Data, SR24 Reports by Single Nutrients: 
“Total lipid (fat) (g) Content of Selected Foods per Common Measure,” Release 24. 
<http://www.ars.usda.gov/Services/docs.htm?docid=22114> Accessed 6 December 2011. 
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(i) Sources of Solid Fats in Diets of U.S. Population Age 2 Years and Older, NHANES 2005-
2006 
Food Saturated Fat Contribution to the Diet 
Grain-based desserts 10.8% 
Pizza 9.1% 
Cheese 7.6% 
Sausage, franks, bacon, ribs 7.1% 
Fried white potatoes 4.8% 
Dairy desserts 4.7% 
Tortillas, burritos, tacos 4.6% 
Chicken and chicken dishes 4.1% 
Pasta and pasta dishes 3.9% 
Whole milk 3.9% 
Burgers 3.8% 
Eggs and egg dishes 3.7% 
Reduced-fat milk 3.4% 
Beef and beef dishes 2.9% 
Butter 2.4% 
All other food categories 23.1% 
 
Source: USDA 2010, “Dietary Guidelines for Americans,” United States Department of Agriculture, Policy 
Document.<http://www.cnpp.usda.gov/DGAs2010-PolicyDocument.htm>. Accessed 6 December 2011. 
 
 
(ii) Common Dietary Sources of Unsaturated Fats 
Monounsaturated Fats Omega-3 Polyunsaturated Fats Omega-3 Polyunsaturated Fats 
Nuts Soybean oil Soybean oil 
Vegetable oils Corn oil Canola oil 
Canola oil Safflower oil Walnuts 
Olive oil  Flaxseed 
High oleic safflower oil  Fish: trout, herring, salmon 
Sunflower oil   
Avocado   
 
Source: CDC, 2011, “Polyunsaturated Fats and Monounsaturated Fats,” Nutrition for Everyone, Centers for 
Disease Control and Prevention. <http://www.cdc.gov/nutrition/everyone/basics/fat/unsaturatedfat.html>. Accessed 
6 December 2011.  
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Appendix D: Protein Content of Select Common Foods 
 
Food Common Measure Protein Content (g) 
Duck meat ½ duck 51.89 
Chicken meat 1 cup 42.59 
Turkey meat 1 cup 41.05 
Salmon ½ fillet 39.37 
Halibut ½ fillet 35.84 
Rockfish 1 fillet 33.12 
Tuna salad 1 cup 32.88 
Hamburger, fast food, double 1 sandwich  31.82 
Fried chicken breast ½ breast 31.20 
Cheese burger, fast food 1 sandwich 20.77 
Veal leg 3 oz 30.74 
Lamb shoulder 3 oz 30.74 
Haddock 1 fillet 29.99 
Beef, steak 3 oz 29.19 
Soybeans 1 cup 28.62 
Ricotta cheese 1 cup 28.02 
Cottage cheese 1 cup 28.00 
Cheese sauce 1 cup 25.01 
Ham 3 oz 25.00 
Swordfish 1 piece 24.86 
Sweetened condensed milk 1 cup 24.20 
Blue crab 1 cup 24.14 
Taco, fast food, beef 1 large 23.20 
Couscous 1 cup 22.07 
Cold cut sub 1 sandwich, 6” roll 21.84 
Ground beef 3 oz 21.73 
Sardine, canned in oil 3 oz 20.94 
Trail mix, chocolate and nuts 1 cup 20.73 
Clams 3 oz 20.94 
Fish sandwich, fast food 1 sandwich 20.61 
Rainbow trout 3 oz 20.37 
Barley 1 cup 19.82 
Cod 3 oz 19.35 
Evaporated milk 1 cup 19.33 
White beans 1 cup 19.02 
Shrimp, fried 3 oz 18.18 
Lentils 1 cup 17.86 
Baked beans 1 cup 17.48 
Bulgur 1 cup 17.21 
Crab 3 oz 16.73 
Peas 1 cup 16.35 
Oat bran 1 cup 16.26 
Wheat flour 1 cup 15.85 
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Macaroni and cheese 1 package 15.58 
Pinto beans  1 cup 15.41 
Buckwheat flour 1 cup 15.14 
Navy beans  1 cup 14.74 
Lima beans 1 cup 14.66 
Chick peas 1 cup 14.53 
Spaghetti and meat sauce 1 entrée 14.29 
White rice 1 cup 13.89 
Refried beans 1 cup 13.38 
Burrito, beans and beef 1 burrito 13.31 
Chicken pot pie 1 small pie 13.19 
Yogurt, plain skim 8 oz  13.01 
White flour 1 cup 12.91 
Pepperoni pizza, fast food 1 slice 12.44 
Salami 2 slices 12.39 
Milk shake, vanilla 11 oz 12.08 
Cornmeal 1 cup 11.61 
Tomato paste 1 cup 11.32 
Frybread (Navajo) 10 ½ inch bread 10.70 
Hot dog, fast food 1 sandwich 10.39 
Beef stew 1 cup 10.23 
Bagel 4” bagel 9.43 
Bologna 2 slices 8.62 
Pumpkin or squash seeds 1 oz (142 seeds) 8.46 
Pie crust 1 pie shell 8.19 
Spaghetti 1 cup 8.12 
Buttermilk 1 cup 8.11 
Chocolate milk 1 cup 8.01 
Instant dry milk 1/3 cup 8.07 
Egg noodles 1 cup 8.06 
Milk 1 cup 8.05 
Miso 1 cup 8.04 
Soymilk 1 cup 8.04 
Peanuts 1 oz 7.95 
Tofu 1 piece 7.86 
Swiss cheese 1 oz 7.63 
Spinach 1 cup 7.62 
Whole wheat spaghetti 1 cup 7.46 
Oyster 3 oz 7.45 
Mozzarella cheese 1 oz  7.36 
Egg 1 extra large 7.28 
Biscuit 4” biscuit 7.07 
Cheddar cheese 1 oz 7.06 
Bacon 3 slices 7.04 
Wild rice 1 cup 6.63 
French fries, fast food 1 large 6.35 
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Pretzels 10 pretzels 6.20 
Sunflower seeds ¼ cup 6.19 
Almonds 1 oz (24 nuts) 6.02 
Pistachio nuts 1 oz (47 nuts) 5.94 
Broccoli 1 cup 5.70 
Brussels sprouts 1 cup 5.64 
Turnip greens 1 cup 5.49 
Pita bread 6 ½ inch pita 5.46 
Asparagus  1 cup 5.31 
Fish soup stock 1 cup 5.27 
Orange juice 6 fl oz 5.09 
Corn 1 cup 5.06 
Collards 1 cup 5.05 
Brown rice 1 cup 5.03 
 
Source: USDA Agricultural Research Service: Nutrient Data, SR24 Reports by Single Nutrients: 
“Protein, Sorted by Nutrient Content,” Release 24. 
<http://www.ars.usda.gov/Services/docs.htm?docid=22114> Accessed 7 December 2011. 
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Appendix E: Zinc Content of Select Common Foods 
 
Food Common Measure Zinc Content (mg) 
Oysters, fried 6 medium 76.7 
Beef shanks 3 oz 8.9 
Crab 3 oz 6.5 
Pork shoulder 3 oz 4.2 
Cereal, fortified ¾ cup 3.8 
Lobster 3 oz 3.4 
Chicken leg 3 oz 2.7 
Pork tenderloin 3 oz 2.5 
Baked beans ½ cup 1.7 
Cashews 1 oz 1.6 
Yogurt, fruit 1 cup 1.6 
Chick peas ½ cup 1.3 
Swiss cheese 1 oz 1.2 
Almonds 1 oz 1.0 
Milk, whole 1 cup 1.0 
Chicken breast, no skin ½ breast 0.9 
Cheddar cheese 1 oz 0.9 
Mozzarella cheese 1 oz 0.9 
Peas ½ cup 0.9 
Kidney beans ½ cup 0.8 
Oatmeal, instant 1 packet 0.8 
Flounder 3 oz 0.3 
 
Source: USDA Agricultural Research Service: Nutrient Data, SR24 Reports by Single Nutrients: 
“Zinc, Sorted by Nutrient Content,” Release 24. 
<http://www.ars.usda.gov/Services/docs.htm?docid=22114> Accessed 8 December 2011. 
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Appendix F: Vitamin C Content of Select Common Foods 
 
Food Common Measure Vitamin C Content (mg) 
Orange juice, from concentrate 6 fl oz 293.7 
Grapefruit juice, from concentrate 6 fl oz 248.0 
Peaches, frozen 1 cup 235.5 
Peppers, red cooked 1 cup 232.6 
Peppers, red raw 1 cup 190.3 
Papaya 1 papaya 185.1 
Orange juice, raw 1 cup 124.0 
Peppers, green raw 1 cup 119.8 
Peppers, hot chili 1 pepper 109.1 
Cranberry juice cocktail 8 fl oz 107.0 
Strawberries, frozen 1 cup 105.6 
Brussels sprouts 1 cup 96.7 
Orange, raw 1 cup 95.8 
Grapefruit juice 1 cup 93.9 
Kohlrabi 1 cup 89.1 
Grape drink, canned 8 fl oz 78.5 
Broccoli 1 cp 78.5 
Peas 1 cup 78.5 
Mango 1 mango 75.3 
Pineapple 1 cup 74.1 
Kiwi fruit 1 medium 70.5 
Sweet potato 1 cup 67.3 
Lemon juice 1 cup 60.5 
Cereal ¾ cup 60.0 
Cantaloupe 1 cup 58.7 
Tomato paste 1 cup 57.4 
Cauliflower 1 cup 56.3 
Cabbage 1 cup 56.3 
Kale 1 cup 53.3 
Collards 1 cup 44.9 
Tomato juice 1 cup 44.5 
Chinese cabbage 1 cup 44.2 
Asparagus 1 cup 43.9 
Raspberries, frozen 1 cup 41.3 
Turnip greens 1 cup 39.5 
Coleslaw 1 cup 39.2 
Chestnuts 1 cup 37.2 
Starfruit 1 cup 37.2 
Beet greens 1 cup 35.9 
Mustard greens 1 cup 35.4 
Plantains 1 medium 32.9 
Rutabagas 1 cup 32.0 
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Spinach 1 cup 30.6 
Soybeans 1 cup 30.6 
Honeydew 1 cup 30.6 
Blackberries 1 cup 30.2 
Tomato puree 1 cup 26.5 
Okra 1 cup 26.1 
Tomato, raw 1 cup 24.7 
Watermelon 1 wedge 23.2 
Tangerine 1 tangerine 22.4 
Lima beans 1 cup 21.8 
Parsnips 1 cup 20.3 
Potato, baked 1 potato  20.0 
Squash, winter 1 cup 19.7 
Squash, summer 1 cup 19.2 
Dandelion greens 1 cup 18.9 
Onions 1 cup 18.8 
Turnips 1 cup 18.1 
Corn 1 cup 17.2 
Lime juice 1 cup 15.7 
 
Source: USDA Agricultural Research Service: Nutrient Data, SR24 Reports by Single Nutrients: 
“Vitamin C, Sorted by Nutrient Content,” Release 24. 
<http://www.ars.usda.gov/Services/docs.htm?docid=22114> Accessed 8 December 2011. 
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Appendix G: Vitamin D Content of Select Common Foods 
 
Food Common Measure Vitamin D Content (IU) 
Cod liver oil 1 tbsp 1,360 
Salmon 3 oz 447 
Mackerel 3 oz 388 
Tuna, canned 3 oz 154 
Orange juice, fortified 1 cup ~137 
Milk, fortified 1 cup 115-124 
Yogurt, fortified 6 oz 88 
Margarine, fortified 1 tbsp 60 
Beef liver 3.5 oz 49 
Sardines, canned in oil 2 sardines 46 
Egg (with yolk) 1 large 41 
Cereal, fortified ¾ to 1 cup 40 
Swiss cheese 1 oz 6 
 
NIH, Dietary Supplement Fact Sheet: Vitamin D. 24 June 2011. 
<http://ods.od.nih.gov/factsheets/vitamind>. Accessed 8 December 2011.  
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Appendix H: Data Source Overviews 
 
1. USDA: What We Eat in America (2007-2008) 
2. Recommended Dietary Intakes 
 2.1. Calcium 
 2.2. Iron 
 2.3. Dietary Fat 
 2.4. Protein 
 2.5. Zinc 
 2.6. Vitamin C 
 2.7. Vitamin D 
3. M.A. Bureau of Environmental Health 
4. 2010 Census Interactive Map 
5. U.S. Census Bureau- State & County QuickFacts: Massachusetts 
 
 
1. USDA: What We Eat in America (2007-2008) 
[http://www.ars.usda.gov/Services/docs.htm?docid=18349] 
This program provides data on nutrient intakes, energy intakes, and percentages of 
nutrients from daily meals and snacks listed by gender and age, race/ethnicity, income in dollars 
or income as a percentage of poverty threshold.  
 
Data Source: http://www.ars.usda.gov/Services/docs.htm?docid=13793 
“What We Eat in America” is the dietary interview component of the National Health and 
Nutrition Examination Survey (NHANES). Partner program of the U.S. Department of 
Agriculture (USDA) and the U.S. Department of Health and Human Services (DHHS).  
 
Data Collection: 
Two days 24-hour dietary recall data collected through two different interviews spaced 
by a period of 3-10 days. The first interview data are collected by the USDA’s 
computerized dietary data collection system called the Automated Multiple-Pass Method 
(AMPM). The second interview is conducted in person in the Mobile Examination Center 
(MEC) where a set of three-dimensional food models is available for the participant to 
use when reporting amounts of foods. The participants are also given the USDA’s Food 
Model Booklet and measuring cups, spoons, and a ruler to use for estimating amounts of 
foods reported during the telephone interview.  
 
Data Collected During Interview:  
For each food and beverage consumed during previous 24-hour period: 
• Detailed description: 
• Additions to the food/beverage  
• Amount consumed  
• What foods/beverages were eaten in combination  
• Time eating occasion began  
• Name of eating occasion  
• Food/beverage source (where obtained)  
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• Whether food/beverage was eaten at home  
• Amounts of energy and 60+ nutrients/food components provided by the amount 
of food/beverage (calculated)  
For each respondent on each day: 
• Day of the week  
• Amount and type of water consumed, including total plain water, tap water, and 
plain carbonated water 
Source of tap water  
• Daily intake usual, much more or much less than usual  
• Use and type of salt at table and in preparation (Day 1 only)  
• Whether on a special diet and type of diet (Day 1 only)  
• Frequency of fish and shellfish consumption (respondents 1 year of age and older, 




Data processing is completed using the USDA’s Food and Nutrient Database for Dietary 
Studies (FNDDS), which codes individual food and portion sizes and includes nutrient 
values for calculating nutrient intakes.  
 
USDA 2011. What We Eat in America: 2007-2008. 
<http://www.ars.usda.gov/Services/docs.htm?docid=18349>. Accessed 11 January 2012.  
 
 
2. Recommended Dietary Intakes 
2.1. Calcium: NIH Office of Dietary Supplements- Dietary Supplement Fact Sheet: Calcium 
[http://ods.od.nih.gov/factsheets/calcium/] 
Fact sheet contains information on the roles of calcium in the body, recommended intakes 
by age group and sex, and common foods with high calcium content, along with other calcium-
related health advice.  
 
Data Collected 
The primary information taken from this source are the Recommended Daily Allowances 
for calcium, which were derived from: 
Committee to Review Dietary Reference Intakes for Vitamin D and Calcium, 
Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for 
Calcium and Vitamin D. Washington, DC: National Academy Press, 2010. 
 
2.2. Iron: NIH Office of Dietary Supplements- Dietary Supplement Fact Sheet: Iron 
[http://www.nlm.nih.gov/medlineplus/ency/article/002422.htm] 
Fact sheet contains information on the roles of calcium in the body, recommended intakes 
by age group and sex, and common foods with high calcium content, along with other calcium-
related health advice.  
 
Data Collected 
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The primary information taken from this source are the recommended dietary allowances 
for iron, which were derived from: 
Institute of Medicine. Food and Nutrition Board. Dietary Reference Intakes for 
Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, 
Manganese, Molybdenum, Nickel, Silicon, Vanadium and Zinc. Washington, DC: 
National Academy Press, 2001. 
 
2.3. Dietary Fat:  
1) CDC Nutrition for Everyone: Dietary Fat 
[http://www.cdc.gov/nutrition/everyone/basics/fat/index.html] 
This webpage contains information on recommended dietary fat intakes as a percentage 




 From this source, percentage of total calories fat limits were collected by age group. 
 
2) USDA Choose My Plate: Calories 
[http://www.choosemyplate.gov/weight-management-calories/calories/empty-calories-
amount.html] 
This webpage provides estimated daily calorie recommendations by age and sex.  
 
Data Collected 
Calorie recommendations were collected for use in a calculation of recommended dietary 
fat limits using the formula from Dietary Fat source 3 (below).  
 
3) University of Maryland Heart Center: How many calories and fat grams do you need? 
[http://www.umm.edu/heart/caloric.htm?src=fblike] 
This webpage displays a rough formula for calculating recommended limits on dietary fat 
intake according to activity level, weight and sex. 
 
Data Collected 
The formula for calculating recommended calories from fat and recommended fat intake 
according to gender, activity level and weight was used to calculate dietary fat intake 
limits.   
 
2.4. Protein: CDC Nutrition for Everyone: Protein 
[http://www.cdc.gov/nutrition/everyone/basics/protein.html] 
This webpage contains information about dietary protein sources, types and uses in the 
body along with recommended daily allowances by age and sex.  
 
Data Collected 
 Recommended dietary allowances by age and sex, which were derived from:  
Source for Acceptable Macronutrient Distribution Range (AMDR) reference and 
RDAs: Institute of Medicine (IOM) Dietary Reference Intakes for Energy, 
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids  
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2.5. Zinc: NIH Office of Dietary Supplements- Dietary Supplement Fact Sheet: Zinc 
[http://ods.od.nih.gov/factsheets/Zinc-HealthProfessional/] 
This webpage contains information about zinc’s roles in the body, zinc sources and 
recommended dietary allowances for zinc by age and sex.  
 
Data Collected 
 Recommended dietary allowances of zinc by age and sex, which were derived from: 
Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes for 
Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, 
Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Washington, 
DC: National Academy Press, 2001. 
 
2.6. Vitamin C: NIH Office of Dietary Supplements- Dietary Supplement Fact Sheet: Vitamin C 
[http://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/] 
This webpage contains information about Vitamin C’s role in the body, sources in food 
and recommended dietary allowances by age and sex. 
 
 Data Collected 
Recommended dietary allowances of Vitamin C by age and sex, which were derived 
from: 
Institute of Medicine. Food and Nutrition Board. Dietary Reference Intakes for 
Vitamin C, Vitamin E, Selenium, and Carotenoids. Washington, DC: National 
Academy Press, 2000. 
 
2.7. Vitamin D: NIH Office of Dietary Supplements- Dietary Supplement Fact Sheet: Vitamin D 
[http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/] 
This webpage contains information about Vitamin D’s role in the body, sources in food 
and recommended dietary allowances by age and sex. 
 
Data Collected 
Recommended dietary allowances of Vitamin D by age and sex, which were derived 
from: 
Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes for 
Calcium and Vitamin D. Washington, DC: National Academy Press, 2010. 
 
3. M.A. Bureau of Environmental Health  
3.1 Online database of MA BLLs 
[http://matracking.ehs.state.ma.us/Health_Data/Childhood_Blood_Lead_Levels.html#] 
- Massachusetts Department of Public Health 
- Tables/Charts/Maps 
 “Blood Lead Levels by location and single years- 2007” by community 
 
BEH 2009. Childhood Lead Poisoning- Tables/Charts/Maps. MA Department of Public Health. 
<http://matracking.ehs.state.ma.us/Health_Data/Childhood_Blood_Lead_Levels.html>. 
Accessed 04 February 2012.  
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3.2 Requested data on BLLs from 0-10µg/dL for selected communities 
 Contacted epidemiologist at MA CLPPP in reference to this project, requested BLL 
profiles for selected communities from 1-10µg/dL on the one point scale (i.e. 1µg/dL, 2µg/dL, 
3µg/dL etc.). Data received on 15 February 2012.  
 
4. 2010 Census Interactive Map 
[http://2010.census.gov/2010census/popmap/] 
-Race/ethnicity data by “Place” (collected Jan. 29-Feb. 5, 2012) 
 
U.S. Census 2010. Interactive Population Map. <http://2010.census.gov/2010census/popmap/>. 
Accessed 05 February 2012.  
 




-Median household income (2006-2010) 
-Persons below poverty level, percent (2006-2010) 
-Housing (2006-2010): homeownership rate, median housing value for owner occupied 
-Land density (2010): land area (sq. mile) , persons per sq. mile 
-Education (2006-2010): % with high school degree, % with bachelor’s degree 
-Foreign born % of pop (2006-2010) 
-Under 5 yrs % pop (2010) 
 
U.S. Census Bureau 2010. State & County QuickFacts: Massachusetts. 
<http://quickfacts.census.gov/qfd/states/25000.html>. Accessed 05 February 2012.  
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Appendix J: Massachusetts 2010 Census Profile 
U.S. Department of Commerce   Economics and Statistics Administration   U.S. CENSUS BUREAU
2010 Census: Massachusetts Profile
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Appendix K: Mapping Methods and Data Sources 
 
 
Community resource points for churches, community centers, daycares, food banks, schools 
and health care centers were collected from yellowpages.com1 during the week of April 2, 2012. 
The addresses were converted into map points using BatchGeo2 and then converted from kml to 
geo databases using ArcMap10 Toolbox. BatchGeo also offers an option for converting the 
address data into a GoogleMap, which is a free mapping tool available online.  
ArcMap10 software (an ESRI product)3 licensed to Wellesley College was used in preparing 
the maps for Brockton, Gloucester and Springfield, MA for Chapter 6. The base maps were 
gathered from the MassGIS website4 from the 2000 Census at the Census block level. These 
2000 Census shapefiles have the following properties: 
• Projected Coordinate System: 
NAD_1983_StatePlane_Massachusetts_Mainland_FIPS_2001 
• Projection: Lambert_Conformal_Conic 
• Geographic Coordinate System:  GCS_North_American_1983 
• Datum: D_North_American_1983 
 
                                                
1 YellowPages.com. AT&T. 2012. < http://www.yellowpages.com/>. Accessed 2 April 2012.  
2 Batchgeo. 2012. < http://batchgeo.com/>. Accessed 3 April 2012. 
3 For software information see: http://www.esri.com/software/arcgis/arcgis10/index.html 
4 “Available Datalayers.” MassGIS. <http://www.mass.gov/mgis/laylist.htm>. Accessed 6 April 
2012. 
